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NPG REPORT NO,  1138 

Fragmentation Tests of Notched-Ring Bombs,  250 lb., 
Type Ex 17 Mod C 

PART A 

SWOPSIS 

1*   This test was conducted to determine the fragmentation charac- 
teristics of 5 lots of 250 lb. Ring Bombs, Type Ex 17 Mod 0, 
Composition B loaded, and having wrapped 3/8" square wire oases 
manufactured as follows* 

a. 

b. 

c. 

d. 

130,000 T.S. steel, 09050 deep internal notches, Lot 1 

102,000 T.S. steel, 09050 deep Internal notches, Lot 2 

102,000 T.S. steel, 09025 deep external notches, Lot 3 

102,000 T.S. steel, 09025 deep side notches, Lot 4 

102,000 T.S. steel with no notches, Lot 5 

2. a. The methods employed for controlling fragment size in Bomb 
Lots 1 to 4 were unsatisfactory, as could have been predicted before 
the test. 

b. The median beam* spray, sone 55*-120#, fragment velocity was 
In the order of 5650 ft/sec for all bomb lots. 

c. Bomb Lots 1 and 2 produced about 20£ more fragment hits at 
60' than Lots 3, 4, and 5* This, in effect, indicates finer frag- 
mentation for Lots 1 and 2. Approximately 80£ of the effective 
fragment hits from all bombs were in polar zone 85*-105** 

d. Peak blast pressures at 50' for all bomb lots averaged 
7.4 psi. 

3. a* In order to obtain better fragment size control it is 
recommended that (1) notch depths be increased to at loast 50£ of 
the wire thickness, (2) internal notches be used, and (3) wire in 
the neighborhood of 100,000 psi tensile strength be used for the 
Ex 17 Mod 0 Bomb. 

b. Consultations with tho Nava] Proving Ground and the Naval 
Ordnance Laboratory are also recommended before any more designs of 
controlled fragmentation bombs are contracted for by the Bureau of 
Ordnance • 
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Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

PART B 

HCBflBgSXIflg 

1. AUTHORITY t 

This test was authorized by references (a) and (b) and conducted 
under Task Assignment NPG-Re3d-418-1-53, reference (c). 

2. REFERENCESi 

a. BUORD Conf ltr NP9 Re3d-Ro3c-LME,ANBtbc Ser 48430 of 
1 December 1952 

b*   BUORD Conf ltr NP9 Ro3d-ANBihJk Ser 49797 of 
30 Docomber 1952 

c.    BUORD ltr HP9 Re3d-ANBsbe of 29 July 1952 
d*    Chamberlain Corp Conf ltr to BUORD (Re3c)  of 30 October 1952 
e.   NMD Yorktown Conf ltr X24/X0 (Ot 3) WFSijes Ser 049 of 

27 January 1953 
f •   i»*»0 Conf Report No. 957 of 1 May 1952 

3. BACKGROUNDS 

In the development of a 250 lb. low drag fragmentation bomb, the 
Chamberlain Corporation at Waterloo. Iowa was requested to manufac- 
ture five (5) lots of ring bombs, all having the same external 
contours but varying in types of steel and notching methods, In an 
effort to control fragment size* 

4. OBJECT OF TEST1 

This test was conducted to determine the fragmentation charac- 
teristics of 5 lots of 250 lb* Ring Bombs. Type Ex 17 Mod 0, 
Composition B loaded, and having wrapped 3/8" square wire cases 
manufactured as follows: 

a* 130,000 T.S. steel, 0*050 deep internal notches, Lot 1 

b. 102,000 T.S* steel, 09050 deep internal notches, Lot 2 

c* 102,000 T*S* steel, 09025 deep external notches, Lot 3 

d* 102,000 T.S. steel, 0*025 deep side notches, Lot 4 

o* 102,000 T.S, steel with no notches, Lot 5 

CONFIDENTIAL 
SECURITY INFORMATION 3 
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Fragmentation Tests of Notched-Ring Bombs,  250 lb., 
Type Ex 18 Mod 0 

5. PERIOD OF TEST1 

a. Dates Project Letters 

b. Date Necessary Material Received 
c. Date Commenced Test 
d. Date Test Completed 

6. REPRESENTATIVES PRESENTS 

1 December 1952 
30 Deoember 1952 
16 February 1953 
5 March 1953 

30 April 1953 

This test was witnessed in part by Messrs * F. D. Donoghue and 
R. F, Grott representing the Bureau of Ordnance. 

PART C 

BKAIM fig ZBB 

7. DESCRIPTION OF ITEM UNDER TESTi 

a. Five (5) lots of 250 lb. Ring Bombs Type Ex 17 Mod 0, 
Composition B loaded, with cases made according to Figures 2 to 6, 
inclusive, by the Chamberlain Corporation, Waterloo, Iowa. The 
essential physical data for the 5 l^>ts of bomb cases obtained from 
reference (d) are as followsi 

Case Hardneaa 
Lot Material T.S. Elong Rockwell Notch Notch 
Mo. (811) iEfiil to*") M* »g« Location Depth 

1 1038 130,000 8.5* 22.9* internal 0*050 
2 1038 102,500 12.5% 53.0H 97-98 internal 01050 
3 1033 102,900 12.5* 53.0* 97-98 external 01025 
4 1038 102,500 12.5* 53.0* 97-98 * aide 05C25 
5 1038 102,500 12.5* 53.0* 97-98 plain wire, no Dotbhaa 

* The "side" notches are diametrically opposite and wound with 
notches fore and aft to bomb body. 

CONFIDENTIAL 
SECURITY INFORMATION 
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Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 
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All Notch spacings were 3/Rn from center to center. 

All boobs had 1/16" thick steel inner liners* The bomb and explosive 
weights reported by Naval Mine Depot, Yorktown, Virginia, in refer- 
ence (e) with fuze and boosters weights are as followss 

Boab Boob Boab Case Hot BBlt Coap B Wax Filler Hose Fuse Total 
Ser Lot weight weight might weight fuse booster weight 
fiSx. fet. *o.tt?lfe *9.« ft.  *9i°? ft. S>.M ft, fttftf. ftff. 

1 1 141.22 4.16 91.17 0.13 2.85 0.70 240.23 
2 1 141.81 3.75 92.14 O.U 2.85 0.70 241.36 
4 2 U3.63 3.40 93.27 0.16 2.85 0.70 244.01 
5 2 143.92 4.17 91.49 0.25 2.85 0.70 243.38 
6 2 145.44 3.93 92.46 0.16 2.85 0.70 245.54 
7 3 145.16 4.04 92.02 0.09 2.85 0.70 244.86 
8 3 148.33 4.13 91.80 0.09 2.85 0.70 247.90 
9 3 148.63 4.54 91.18 O.U 2.85 0.70 248.04 

10 4 143.75 4.13 92.29 0.13 2.85 0.70 243.85 
1          11 4 147.16 4.54 91.26 O.U 2.85 0.70 246.62 

12 4 U5.53 4.05 91.48 0.19 2.85 0.70 244.80 
13 5 148.42 4.37 91.30 0.06 2.85 0.70 247.70 
U 5 148.45 3.89 91.28 O.U 2.85 0.70 247.28 
15 5 149.31 3.94 93.12 0.16 2.85 0.70 250.08 
16 5 148.30 4.27 92.24 0.16 2.85 0.70 248.52 
17 5 148.16 4.26 92.22 O.U 2.85 0.70 248.33 
18 5 149.05 4.18 91.20 O.U 2.85 0.70 248.09 

The nose fuzes AN-M103A1 were modified for static detonation by the 
Naval Ordnance Laboratory, Figure 1. The fuze booster used on all 
bombs was a cylinder of bare Composition C-3, 2964 diameter and 
2937 long and placed directly behind the nose fuze. These boosters 
were formed at the Naval Proving Ground and used to simulate the 
interim fuze arrangement planned by the Bureau of Ordnance. 

b. Each bomb case was formed by wrapping a 3/8" square wire 
about a l/l6M thick steel liner. As computed by the Proving Ground, 
Lots 1 to 4 were designed by notching to produce 6640 cubical (3/8n) 
fragments weighing 6.33 grams each. The total weipht of wire was 
computed to be 92.66 lbs* No base fuzes were used in this test, and 
the base fuze cavities were plugged. The Proving Ground noted that 
two (2) turns of wire on the extreme base end of bombs from Lot 3 
were not notched and does not know rhether this was Intentional or 
a manufacturing defect. 

CONFIDENTIAL 
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Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

8. PROCEDURE* 

a* All bombs, except No. 18 of Lot 5» which was detonated over 
the Naval Proving Ground Water Pit, were tested in a 60 • radius 
semi-circular space arena having 1/8" mild steel panels 5' high and 
marked off in 5° polar angle cones. Each bomb was placed horizon- 
tally on a wooden stand with its nose pointed toward 0*. Four (4) 
foot high cane fiberboard packs for sample fragment recovery were 
placed at a 60* distance on the open arena side in zone 90°-106* and 
marked off in 4* zones. Three (3) 35mm Fastax cameras were used to 
obtain fragment velocities. Camera No. 1 viewed zone 55° to 120*, 
Camera No. 2 viewed zone 120°-l8o°, and Camera No* 3 viewed zone 
0*-55*« Some of the nose fragment velocities were not obtained since 
their velocities were below 2000 ft/sec. and poor plato flashes are 
obtained at those volocities. The field set-up is shown in Figure 7. 

b. Bomb No. 18 of Lot 5 was detonated over the Naval Proving 
Ground Water Pit in order to obtain a larger fragment sample. The 
water pit recovers 1/6 of the total fragments expelled in polar zone 
6o°-120°. Fragment velocities were also obtained in this test by 
using 15' high steel panels at a 60' distance in zone 84*-107°< A 
high speed photograph sequence showing the detonation and fragment 
flashes on the steel panels is shown In Figure 8. 

c. Three (3) Naval Ordnance Laboratory lndenter gages were 
placed at 50 feet from the 60• arena center in zone 135° on the 
open arena side to record peak blast pressures* 

9* RESULTS AND DISCUSSION! 

a* Fragment Space Distribution 

The detailed space data are listed in Tables I to V inclusive* 
Fragment hits are those which penetrated the 1/8" mild steel panels* 
The main concentration of fragment hits were in polar zone 80° to 

I 

150' The distributions are as follows! 

V 

CONFIDENTIAL 
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Fragmentation Tests of Notched-Ring Bombs,  250 lb., 
Type Ex 17 Mod 0 

Polar 
Zone 
0°-65# 

65#-8o° 
8o#-85# 

85#-90° 
90#-95* 
95,-10O° 

100°-105# 

105«-l8o# 

Totals 

Polar 
Zone 
0«-65» 

65#-8o* 
8o#-85# 

85°-90* 
90*-95° 
95#-100» 

100#-105° 
105*-ISO* 
Totals 

ion: 
67 147 

880 769 
700 700 

1510 II83 
2000 1808 
3480 4240 
1620 1303 
 i&      36a 
10,437 10,519 

J^ • m *m 
60 121 

440 698 
750 430 
98O 882 

1130 1077 
3760 3570 
1494 1421 

99 214. 
8,713 8,413 

Lot 5 
81 

610 
700 

1010 
1296 
298O 
1016 

2ft> 
7,953 

HI 
0.6 
8.4 
6.7 

14.5 
19.2 
33.4 
15.5 

_JLaZ 
100.0 

i al irtfLBtti 
Lot 2     Lo?N    Lot 4    Tott 

1.4 

6.7 
11.2 
17.2 
40.3 
12.4 

100.0 

0.7 

8.6 
11.2 
13.0 
43.2 
17.1 

100.0 

1.4 
8.3 
5.1 

10.5 
12.8 
42.4 
16.9 
2i$ 

100.0 

1.0 u 
12.7 
16.3 
37-1 
12.8 

100.0 

b. Fragment Plate Penetrations 

From the field observations on ricochet fence plates at 30', 
arena panels at 60', and velocity panels at 60* by the Water Pit, 
general statements on the penetration at 0* obliquity of these bomb 
fragments In zone 80e-105° can be madei 

(1) The majority will make 1/2" diameter holes in 1/8" mild 
steel plate 

(2) about 33* will penetrate 5/8" thick STS plate at 30 feet 

(3) about 8* will penetrate 5/8" thick STS plate at 60 feet 

(4) none will penetrate 3/4" thick STS plate at 30 feet. 

CONFIDENTIAL 
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c.    Fragment Velocities 

The detailed fragment velocities of the seventeen (17)  bombs 
are listed in Tables VI to X inclusive, and are summarized as 
follows1 

Bomb 
PprU<?n 
Nose 
Beam 
Base 

Zone 

0--15° 
55#-120# 

165#-1B0° 

Averra Ifofltan.rrMngnt foloslUsg UWaest) 

•1720 
5520 
4430 

1730 
5670 
4680 

1730 
5790 
4600 

1780 
5610 
4200 

1660 
5600 
4290 

* estimated* 

None of the variations in fragment velocities are regarded as 
significant. 

d. Fragment Mass Distribution 

(1) Sample fragments recovered in zone 90*-106# from the 
4' high cane fiberboard packs at 60* are shown in Figures 9 to 14, 
inclusive. The numbers >mC  weights listed and averaged are 
tabulated in Table XI. The water pit recovery of Bo&b Serial No. 18 
of Lot 5t 1/6 of total expected in zone 60°-120°, is shown in 
Figure 15 and are listed in Table XI.  The mass data are summarized 
as followst 

t 

Average No. TrmsamtLU Racaverad in Zon* 90°-106# Total 
5/d- T.25- 2.5- 3.5- 4.5- 5.5- 6.5- 7.5- 5/8- 

Bomb 1.25 2.5 3.5 4.5 5.5 6.5 7.5 21.0 21.0 
teL. BSSM am grans graas graas grama £331 £301 gam 

1 26 34 21 33 4 15 U 1 •148 
2 26 21 16 17 3 9 24 2 118 
3 13 29 16 19 7 20 22 1 127 
4 21 22 10 17 16 18 9 4 116 
5 20 U 8 11 10 10 10 15 98 

**5 407 231 187 222 209 173 107 230 1766 

* The 148 total is a more accurate figure than the 150 total 
obtained when the average individual groups are added. 

** Recovered from Naval Proving Ground Water Pit on Bomb Serial 
No. 18. The numbers represent 1/6 of the total expected in 
zone 60°-120*. 

CONFIDENTIAL 
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Type Ex 17 k'od 0 

(2) Although the cane fiberboard recovery represents only 
a small portion of the total expected fragments the average numbers 
of Lot 5 are proportional to those recovered over the water pit. 
The water pit total of 1-1/4 to 21 gram fragments, 1359 multiplied 
by 6, is 8154. This figure agrees very well with the average number 
of fragments penetrating the 1/8" mild steel plate in the space 
distribution tests, 7794, in zone 60*-120° (Table V). 

(3) To evaluate the degree of control of fragment size 
obtained, a fair criterion is the total number of fragments of 
design size or larger as compared with the same quantity for the 
uncontrolled fragmonter. The design size for the subject bombs, as 
stated above, was 6.3 grams. The following table shows that even if 
allowance is made for a substantial degree of chipping of the desigr*- 
size fragments, the "controlled" designs offer no advantage over the 
uncontrolled• 

Average 

4.5 

6.5 
7-5 

Lot; 1 

34 
30 
15 
1 

tacovered Fragments with Mass greater than m 
Lot 2     ipl_3     LoV4     Lgt? 5 

38 50 47 45 
35 43 31 35 
26 23 13 25 
2 1 4 15 

Previous experience has shown that shallow notches of the types 
employod in these bombs are of no value in producing equi-axed 
fragments. A notch at least half way through the wire would be 
required for satisfactory control. 

e. Blast Data 

The average peak blast pressures recorded by the Naval 
Ordnance Laboratory indenter gages at 50' from the bombs in 
zone 135* are as followsi 

Bomb Lot Peak Pressure (nsi at 50M 

1 7.3 
2 7.4 
3 7.7 
4 7.5 
5 7.0 

M 

CONFIDENTIAL 
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Fragmentation Tests of Notched-Ring Bombs,  250 lb., 
Type Ex 17 Mod 0 

There were no significant pressure differences between bomb lots. 
The pressure variation witnin bomb lots was *0.9 psl.    Reference (f) 
reported fragmentation and blast data for the 250 lb. Ex 2 Mod 0 Low 
Drag and the 250 lb. G.P. Standard AN-M57A1 bombs.    Their blast 
pressures are listed for comparisons 

fisofe 
E.r 17-0 
(Lots 1-5) 

E^ 2-0 
(Low Drag) 

AN-M57A1 
(G.P.) 

UU2L 
Comp B 

80/20 Tritonal 

80/20 Tritonal 

Average 
Filler 

llUtt Ut>ft) 
92 

103 

130 

Average 
Peak Pressure 
Ml fit ft' 

7.4 

8.0 

9.3 

PART D 

CPNCWSMS 

10. a. The methods employed for controlling fragment size in Bomb 
Lots 1 to 4 were unsatisfactory, as could have been predicted before 
the test. 

b. The median beam spray, zone 55°-120°, fragment velocity was 
in the order of 5650 ft/sec for all bomb lots. 

c. Bomb Lots 1 and 2 produced about 20% more fragment hits at 
60' than Lots 3» 4» and 5* This, in effect, indicates finer frag- 
mentation for Lots 1 and 2. Approximately o0%  or the effective 
fragment hits from all bombs, were in polar zone 85*~105*« 

d. Peak blast pressures at 50* for all bomb lots averaeed 
7.4 psi. 

CONFIDENTIAL 
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Fragmentation Testa of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

PART B 

wmmwim 
11. a* In order to obtain better fragment site control it is 
recommended that (1) notch depths be Increased to at least 50%  of 
the wire thickness. (2) internal notches be used, and (3) wire in 
the neighborhood of 100,000 psi tensile strength be used for the 
Ex 17 L'od 0 Bomb. 

b. Consultations with the Naval Proving Ground and the Naval 
Ordnance Laboratory are also recommended before any more designs of 
controlled fragmentation bombs are contracted for by the Bureau of 
Ordnance. 

I 
CONFIDENTIAL 
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The tests upon which this report is based were conducted by: 
LT A. N. HUGHES, Fragmentation Firing Officer 

Fragmentation Division 
Terminal Ballistics Department 

This report was prepared by* 
V, PHILIPCHUK, Fragmentation Battery Officer 

Fragmentation Division 
Terminal Ballistics Department 

This test was reviewed byt 
R. H. LYDDANE, Director of Research 

Terminal Ballistics Department 
W. B. ROBERTSON, Lieutenant Commander, USN 

Terminal Ballistics Officer 
Terminal Ballistics Department 

C. C. BRAMBLE, Director of Research, Ordnance Group 

APPROVED! J. F. BYRNE 
Captain, USN 
Commander, Naval Provlrg Ground 

E. A. RUCKNER 
Captain, USN 
Ordnance Officer 
By direction 
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CONFIDENTIAL NPG REPORT NO.  1138 

Fragmentation Testa of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

TABLE I 
- 

250 lb. Boob Lot No. 1 
• 

Ex 17 Mod 0.    Coop B loaded 

60 ft. Radius Spec© Arena 
1/8" IB panels V high 

Averagn 
Data: 17 Mar 18 Mar Average 

impacts 
impaote 
per 

Average 
impacts 

#n 
Rd. per 5° total 5° per unit 

Zone #13 sons on zone on •olid 
Decrees S«#l 22EJ2 panel rtatl Mffl* 

0-5 2 2 2.0 7 300 
5-10 . 

10-15 
"«5-20 
20-25 . 
25-30 
30-35 
35-40 
40-45 
45-50 1 0.5 30 70 
50-55 1 0.5 30 70 
55*60 
60-65 
65-70 4 2 3.0 200 400 

T0-75 3 2 2.5 180 340 
75-eo 9 5 7.0 500 1000                  I 
00-85 8 10 9.0 700 1200 
85-90 25 15 20.0 1510 28C0 
90-95 34 19 26.5 2000 3650 
95-100 40 53 46.5 3480 64C0 

100-105 24 20 22.0 1620 3000 
105-110 5 2.5 18C 340 
110-115 • 1 
115-120 •I 
120-125 !    • 
125-130 i    • 130-135 1 C5 30 70          ^T 
135-140 1 C.5 30 70 
140-145 2 1.0 50 140 
145-150 ! 
150-155 1 0.5 17 70 
155-160 
160-165 1 
165-170 
170-0.75 1 0.5 5 70 
175-180 9 8 8.5 29 1200                   1 
CONFIDENTIAL 
SECURITY INFORMATION APPENDIX C 
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cdurxuBwriAL NPG REPORT NO. 1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb.f 
Type Sac 17 Mod 0 

TABLK II 

ma jMBgwai MIA 
290 lb. Bowb Ex 17 Mod 0.    Cos? B loaded, Lot No. 2 

60 ft. Radius Space Arena 
1/8" MS panels 5< high 

Date: 17 Mar 19 

firr— 

Zone 
MH ft* .14 aarj 

0-5 2 i 5-10 
1C-15 1 
15-20 
20-25 
25-30 
30-35 
35-40 • 

40-45 
45-50 . 
50-55 
55-60 
60-65 2 2 
65-70 3 6 
70-75 3 4 
75-80 7 
80-85 14 7 
85-90 12 16 
90-95 29 21 
95-100 60 49 

100-105 23 15 
105-110 3 
UC-115 
115-120 1 
120-125 
125-130 
130-135 1 
135-140 1 
140-U5 1 
145-150 
150-155 
155-160 
160-165 
165-170 
170-175 2 3 
175-180 6 6 

CONFIDENTIAL 
SECURITY INFORMATION 
  ..   ..... _ 

2C Mar 

Ser #6 

2 
1 
1 
1 

1 
4 
4 
1 
7 

19 
22 
61 
15 
4 

2 
1 

1 
1 
6 

Average 

par 5* 
aone on 

2.3 
0.7 
0.7 
0.3 

0.3 
2.0 
6.0 

Average 
impacts 
total 5° 
sons on 

7.8 
7 
11 
7 

1.7 114 
,4.3 300 
3.7 270 
2.7 199 
9.3 700 

15.7 1183 
24.0 1808 
56.7 4240 
17.7 1303 
2.3 165 

1.0 7C 
0.3 19 

0.3 17 
0.7 40 
0.3 14 

5 
19 
20 

Average 
impacts 
par unit 
solid 

320 
90 
100 
40 

230 
590 
510 
370 

1280 
2160 
33C0 
7800 
2440 
320 

140 
40 

40 
100 
40 

40 
300 
800 

APPENDIX C 
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C0NF1UBNTIAL SPG REPORT 80. U38 

Fragmentation Teats of Notchad-Ring Bombs, 250 lb., 
. Jvl .. - - . . ??Z*J* I7.**1.0  

irv 

TtBi« m 

->*;•« ih*v 

250 lb. Boa* Ex 17 Mod 0. Cos? B loaded, Lot Ho. 3 

60 ft. Radius Spaoa Araoa 
1/8" m panels 5* high 

Data: 

Zone 
fisfiSSI 

0«5 
5-10 

10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 
75-80 
80-85 
85-90 
9C-95 
95-100 

100-105 
105-110 
110-115 
115-120 
120-125 
125-130 
130-135 
135-140 
UO-145 
145-150 
150-155 
155-160 
160-165 
165-170 
170-175 
175-180 

SSLll 
2 

2 
3 
4 
12 
11 
U 
56 
18 

1 
5 

CONFIDENTIAL 
SECURITY INFORMATION 

10 

2 
1 

2 
2 
3 
5 

16 
14 
55 
18 

4 
5 

U 

2 
8 

Average 
iapeots 
par 5* 
sons on 

2.0 
0.3 

0.3 

0.7 

1 1.7 
1.7 

2 3.0 
13 10.0 
12 13.0 
17 15.0 
40 5C.3 
25 20.3 

0.3 

2.3 
6.0 

Average 
lnpaots 
total 5° 
sons on 
ssasl  

7 
3 

10 

40 

22 
20 

Average 
lapaota 
par unit 
solid 

300 
40 

40 

100 

118 230 
122 230 
20C 400 
750 1380 
980 1790 
1130 2100 
376C 6920 
U94 2790 

1 0,3 18 40 
1 0.3 17 40 

0.3 15 40 

40 

310 
800 

APPENDIX C 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

TABLE IV 

SPACE DISTRIBUTION DATA 

250 lb. Bomb Ex 17 Mod 0. 

60 ft. Radius Space Arena 
1/8" MS panels 5« high 

Comp B loaded, Lot No. 4 

Average Average Average 
Date* 9 Mar 10 Mar U Mar impacts 

per 5* 
impacts 
total 5° 

impacts 
per unit 

Zone zone on zone on solid 
Degrees S*r #10 $er m Ser |H panel patffi?-.... nek,, 

0-5 2 2 2 2.0 7 300 
5-10 

10-15 
15-20 1 7 40 
20-25 
25-30 
30-35 
35-40 - 

40-45 
45-50 1 0.3 17 40 
50-55 1 1 0.7 40 100 
55-60 
60-65 1 1 0.7 50 100 
65-70 3 2 3 2.7 188 370 
70-75 2 4 4 3.3 240 450 
75-80 4 3 4 3.7 270 510 
8C-85 4 6 7 5.7 430 780 
85-90 5 21 9 11.7 882 1610 
90-95 13 20 20 14.3 1077 1967 
95-100 50 a 52 47.7 3570 6560 

100-105 20 21 17 19.3 1421 2660 
105-110 1 0,3 20 40 
110-115 
115-120 50 100 
120-125 1 1 0.7 40 100 

1 1 0.7 40 100 
130-135 1 0.3 17 40 
135-U0 
140-U5 1 0.3 H 40 
145-150 
150=155 
155-160 
16C-165 
165-170 
170-175 2 1 1 1.3 13 175 
175-180 9 6 6 7.0 20 1000 

CONFIDENTIAL 
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CG8FIXB1TIAL NPG REPORT NO. U38 

Fragmentation Teats of Notched-Ring Bombs. 250 lb., 
Type Ex 17 Mod 0 

TABLE Y 

250 lb. Boob 

QOATA 

p B loaded, Lot No . 5 Ex 17 Mod 0.    Com 

60 ft. Radius Space Arena 
1/8" IB panels 5< high 

' Average Average Average 
Dates 5 Mar 5 Mar 6 Mar Mar Mar impacts 

par 5° 
impacts 
total 5* 

impacts 
per unit 

Zone sons on sone on solid 
Degrees Ser #13 §•* m Ser #15 S«ri*& mm KfftL. m*l .... anflle 

0-5 1 2 3 2 3 2.2 7.4 310 
5-10 2 1 0.6 6 80 

10-15 1 0.2 3 30 
15-20 - 

20-25 
25-30 
30-35 1 0.2 8 30 
35MO . 
40-45 1 0,2 11 30 
45-50 1 1 0.4 20 60 
50-55 
55-60 1 0.2 13 30 
60-65 1 0.2 13 30 
65-70 5 1 3 2 4 3.0 200 400 
70-75 1 2 1 1 1.0 70 140 
75-80 3 5 7 1 7 4.6 340 630 
80-85 8 15 A 10 8 9.0 700 1200 
85-90 17 10 16 7 17 13.4 1010 1844 
90-95 17 15 21 17 16 17.2 1296 2370 
95-100 46 38 42 A7 26 39.8 2980 5480 

100-105 26 14 A 13 12 13.8 1016 1899 
105-110 2 2 1 3 1 1.8 129 250 
110-115 
115-120 1 2 0.6 40 80 
120-125 1 1 1 0.6 40 80 
325-130 1 0.2 12 30 
130-135 
135-140 1 0.2 10 30 
140-U5 
M5-150 
150-155 
155-160 
160-165 « 
:.65-170 

i              170-175 1 2 0.6 6 80 
1              175-180 7 6 6 9 6 6.8 23 960 
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CONFIDENTIAL NPG RLPORT NO.  H38 

Fragmentation Tosts of Notchud-Ring Bombs, 250 lb,, 
Type Ex 17 Hod 0 

TABLE. VI 

FRAGMENT VELOCITY DATA LOT  1 

60 Ft. Radius Arena 
35mm Fastax Camera 1 
Rd. 11.  250# Ex 17-0 Ring Bomb 
Total Weight 240.23 lbs. 

1 

6er. #1 

2950 Frames per sec. 
Comp. B 
Filler Weight 91.17 lbs. 
Datet    17 March 1953 

Frame in Which 
Hit Occurred Zone 

90-95 
Nfli 

Beam Total 
Blta 

2 

Velocity (f/s> 

26 2 6810 
27 90-95 2 2 ,     6560 
28 90-95 

95-100 
5 
7 12 6320 

29 90-95 
95-100 

100-105 

6 
4 
1 11 6100 

30 85-90 
90-95 
95-100 

3 
2 
1 6 5900 

31 90-95 
95-100 

100-105 

3 
1 
5 9 5710 

32 85-90 
90-95 
95-100 

100-105 

3 
2 
1 
3 9 5530 

33 85-90 
90-95 

2 
1 3 5360 

3* 80-85 
85-90 
90-95 

100-105 

1 
4 
2 
3 10 5210 

35 75-80 
80-85 
85-90 
95-100 

100-105 

1 
2 
1 
2 
1' 7 5060 

36 75-80 
80-85 

100-105 

2 
2 
1 5 4920 

CONFIDENTIAL 
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! 
arr 



( ) o 
CONFIDENTIAL NPG REPORT NO.  II38 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Typo Ex 17 Mod 0 

TftffliB YT 

Frame In Which 
tt*t.,QSCMrr9d. Zone 

37 70-75 
75-80 
80-85 
85-90 
90-95 

38 70-75 
75-80 

1                     *° 95-100 
70-75 

43 65-70 
44 90-95 

1                         *5 100-105 
47 65-70 

Median 

Average 

1 
CONFIDENTIAL 
SECURITY INFORMATION 

Beam 
KO a gg&Mttttte 

2 
2 
1 
1 
1 

1 
1 

1 
1 

1 

1 

2 

1 

Total 
Kits        Velocity  it/a) 

7 

2 

2 

1 

1 

2 

1 

4780 

4660 

4430 

4120 

4020 

3930 

3770 

5600 

5500 

APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  1138 

Fragmentation Tests of Notohed-Ring Bombs, 250 lb,, 
Type Ex 17 Hod 0 

60 Ft* Radius Arena 
35mm Fastax Camera 2 
Rd. 11, 250# Ez 17-0 Ring Bomb Scr. #1 
Total Weight 240.23 lbs* 

TftfiT.ffi YI (floriV.rMffll) 
3050 Frame8 per sec. 
Comp. B 
Filler Weight 91.17 lbs. 
Date 1    17 March 1953 

Frame in Which 
Hit Occurred            Zone 

25                  175-180 

Base Total 
Hits 

1 

Velocity it/si 

1 7320 

26 170-175 1 1 7040 

28 175-180 3 3 6540 

29 175-180 2 2 6310 

30 175-180 1 1 6100 

31 175-180 2 2 5900 

32 175-180 1 1 5720 

|                     34 175-180 2 2 5380 

1                    35 175-180 1 1 5230 

36 175-180 2 2 5080 

43 170-175 
175-180 

2 
1 3 4260 

47 175-180 1 1 3890 

49 175-1^0 1 1 3730 

58 165-170 1 1 3160 

60 170-175 1 1 3050 

63 160-165 1 1 2900 

64 165-170 1 1 2860 

68 
1 

175-180 1 (Base 
Plug) 

1 2690 

!                   69 175-180 2 2 2650 
1 

71 175-180 
1 

2 2 2580 

Ilodian 5010 
average 4730 

CONFIDENTIAL 
SECURITY INFORMATION 3 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  II38 

Fragmentation Tosts of Notehed-Ring Bombs, 250 lb,, 
Type fix 17 Hod 0 

TABLE VI (Continued) 

60 Ft, Radius Arena 
35mm Fas tax Camera 1 
Kd. 13, 25Q# fix 17-0 Ring Bomb Ser. #2 
Total Weight 241.36 lbs. 

3050 Frames per sec, 
Comp. B 
Filler Weight 92,14 lbs. 
Datet    18 Uarch 1953 

Frame in Which Beam Total 
Hit Occurred Zone 

95-100 

flo, Fragments Hits 

2 

Velocity (f/s* 

28 2 6540 

29 95-100 6 6 6310 

30 90-95 
95-100 1 8 6100 

31 90-95 
95-100 

100-105 

2 
6 
1 9 5900 

32 85-90 
90-95 
95-100 

2 
3 
1 6 5720 

33 85-90 
90-95 

100-105 

2 
1 
2 5 5550 

34 85-90 
90-95 

100-105 

3 
2 
1 6 5380 

35 80-85 
85-90 
95-100 

100-105 

2 
2 
2 
2 8 5230 

36 80-85 
85-90 

100-105 

1 
1 
2 4 5080 

37 

• 

80-85 
90-95 
95-100 

105-110 

3 
1 
1 
1 6 4950 

36 75-80 
80-85 

105-110 

1 
2 
1 4 4820 

H 

CONFIDENTIAL 
SECURITY IKFCRLUTION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  II38 

Fragmentation Tests of Notched-Ring Bombs, 
Type Bx 17 Mod 0 

250 lb., 

TABT-R VT   fr-•**•,*** 

Total 
Hlta 

3 

i 

Velocity (T/B)                * 

4690 

Praise In Which 
Zone 

70-75 
90-95 
95-100 

Beam 
No> Fragment a 

39 

40 75-80 
80-85 
90-95 

105-110 5 

• 

4580                       j 

41 £8 
80-85 
90-95 5 4460 

44 70-75 1 4160 

45 90-95 1 4070 

48 80-85 
100-105 2 3810 

49 100-105 1 1 3730 

Median 5440 
Average 5330 

CONFIDENTIAL 
SECURITY INFORliATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

TARJ.R VT   (flnntlntip^ 

60 Ft. Radius Arena 
35mm Fastax Camera 2 
Rd. 13. 250# Ex 17-0 Ring Bomb Ser. #2 
Total Weight 241.36 lbs. 

3150 Frames per sec. 
Comp. B 
Filler Weight 92.14 lbs. 
Date 1    18 March 1953 

Frame in Which 
Hit Occurred 2 one 

175-180 

Base 
Velocity  (f/s) 

7270 26 1 

27 175-180 1 7000 

29 175-180 1 6520 

33 175-180 3 5730                       I 
34 175-180 1 5560                     I 

36 175-180 1 -'- 5250                    1 
40 175-180 1 4730                     I 

45 175-180 1 4200 

47 175-180 2 4020 

48 175-180 1 3940                         I 
49 175-180 1 3860 

54 175-180 1 3500                          1 
57 175-180 1 3320 

58 165-170 1 3260                         1 

68 165-170 1 2780 

71 175-180 3 (Base 
Plug) 

2660 

72 175-180 3 2630                          I 
73 175-180 2 2590 

75 175-180 1 2520 

Median 3850 
Average 4070 

CONFIDENTIAL 
SECURITY INF0R13ATI0N 6 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  H38 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

TABLE VII .' 

VELOCITY DATi 1 

60 Ft. Radius Arena 
35mra Fastaz Camera 1 
Rd. 12, 250# Sx 17-0 Ring Boob Ser. #4 
Total Weight 244.01 Lbs. 

i 
2950 Frames per sec. 
Coop. B 
Filler Weight 93.27 Lbs. 
Dates    17 March 1953 

Frame in Which 
ism 

95-100 

Beam              Total 

4               4 
YeJ-oeitv (t/a) 

6100 29 
30 90-95 

95-100 
100-105 

i 
1 16 5900 

31 90-95 
95-100 

100-105 

4 
2 
1 7 5710 

32 85-90 
90-95 

100-105 

1 

6 5530 
33 85-90 

90-95 
100-105 

2 
1 
5 8 5360 

34 85-90 1 1 5210 
35 80-85 

85-90 
90-95 
95-100 

100-105 

2 
3 
2 
1 
5 13 5060 

36 80-85 
90-95 

2 
1 3 4920 

37 80-85 
105-110 

2 
1 3 4780 

38 90-95 
95-100 

1 
1 2 4660 

39 80-85 
90-95 
95-100 

1 
2 
1 4 4540 

40 80-85 1 1 4430 
41 70-75 

90-95 
1 
2 3 4320 

CONFIDENTIAL 
SECURITY INFORMATION 1 APPENDIX D 
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CONFIDENTIiX NPG R3P0RT NO. II38 

Fragmentation Tests of Notched-IUng 
Type *x 17 Mod 0 

Bombs, 250 lb., 

T4BI2 VII  (Continued) 

Total 

2 

Frune In Tliich 
Sana 

100-105 

Beam 
Valoeitv (f/s) 

42 2 4210 

43 65-70 
70-75 
95-100 

1 
1 
1 3 4120 

46 90-95 1 1 3850 
47 65-70 1 1 3770 

Median 5400 

average 5230 

CONFIDENTIiX 
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CONFIDENTIAL NPG REPORT NO.  II38 

Fragmentation Tests of Notched-Ring Bonbs, 250 lb*, 
Type Ex 17 Mod 0 

1 

liBIi m (CgBttmrt) 
60 Ft. Radius Arena 
35mm Fastax Camera 2 
Rd. 12. 250# Ex 17-0 Ring Bomb Ser. #4 
Total Weight 244.01 Lbs. 

3150 Frames per sec. 
Comp. B 
Filler Weight 93.27 Lbs. 
Datet 17 March 1953 

Frame In Which 
git Occurred 

25 

29 

31 

32 

33 
34 

35 
36 

37 

39 
40 

45 
50 

60 

69 
70 

71 

Median 

Average 

Zone 

175-180 

175-180 

165-170 
175-180 

175-180 

170-175 
175-180 
175-lBO 
175-180 
175-180 
175-180 
170-175 
175-180 
175-180 
155-160 
175-180 
175-180 

175-180 

Base Total 
Mfti tatuaikM   fliia- 

1 1 
1 1 
1 
2 3 
1 1 
1. 1 
1 1 
1 1 
1 1 
2 2 
1 1 
1 1 
1 1 
2 2 
1 1 
1 (Base Plug) 1 
1 1 

1 1 

Velocity (f/s) 
7560 
6520 

6100 

5910 

5730 
5560 

5400 

5250 
5110 

4850 

4730 
4200 

3780 

3150 

2740 

2700 

2660 

5220 

4910 

i 
i 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT HO. 1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb. 
Typo Ex 17 Hod 0 

60 Ft. Radius Arena 
35mm Fastax Camera 1 
Rd. 14, 250# Ex 17-0 Ring Bomb Ser. #5 
Total Weight 243.58 Lbs. 

3150 Frames per sec. 
Comp. B 
Filler Weight 91.49 Lbs. 
Date*    19 March 1953 

Frame in "?hich 
ism 

90-95 
95-100 

Beam              Total 
Veloeitv (f/a) 

28 2 
10 12 6750 

29 90-95 
95-100 a 9 6520 

30 85-90 
90-95 
95-100 

100-105 

1 
2 
1 10 6300 

* 
31 85-90 

90-95 
95-100 

100-105 

2 
1 
1 
2 6 6100 

32 85-90 
100-105 

2 
1 3 5910 

33 85-90 
100-105 

2 
1 3 5730       v. 

34 80-85 
85-90 
95-100 

100-105 

1 
4 
2 
2 9 5560 

35 80-85 1 1 5400 

36 75-80 
80-85 

1 
1 2 5250 

38 80-85 
85-90 
90-95 
95-100 

1 
1 
1 
1 4 4970 

39 75-80 
100-105 

2 
1 3 4850 

40 70-75 
75-80 
90-95 

2 
2 
1 5 4730 

CONFIDENTIAL 
SECURITY INFORMATION 4 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO, II38 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Bx 17 Mod 0 

YASUi TO (SpaUattfl) 
Frame in Uhich 
flit toas&aA 

41 

42 

43 

44 

45 
46 

47 

Median 

Average 

Zone 

95-100 

90-95 

70-75 
95-100 

65-70 
70-75 
95-100 

65-70 
90-95 
65-70 

Beam 
ff9» fronrantg 

1 
1 
2 
1 
1 
1 
1 
1 
1 
1 

Total 

1 
1 

3 
1 
1 
1 

Yelpcltr (f/a) 
4610 
4500 

4400 

4300 

4200 

4110 

4020 

5990 

5710 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  II38 

Fragmentation Tests of Notched-Ring Bombs, 250 lb,, 
Type Bx 17 Mod 0 

60 Ft. Radius Arena 
35mm Fostax Camera 2 
Rd. 14, 250# Bx 17-0 Ring Bomb Sor. #5 
Total Weight 243.38 Lbs. 

3300 Frames per sec. 
Comp. B 
Filler Weight 91*49 Lbs. 
Dates    19 March 1953 

Frame in Which Base 

175-180 

Velocity U/s)      f 

7330 27 1 

28 175-180 1 7070 

31 175-180 1 6390 

32 175-180 2 6190 

33 175-180 1 6000 

34 175-180 2 5820 

35 175-180 1 5660 

36 175-180 1 5500 

37 175-180 1 5350 

38 175-180 1 5210 

39 170-175 1 5080 

42 175-180 2 4710 

45 175-180 1 4400 

47 175-180 2 4210 

4130 48 175-180 2 

49 175-180 1 4040 

50 170-175 1 3960 

60 170-175 1 3300 

65 170-175 1 3050 

79 175-180 3 (Base Plug) 2510 

80 

Median 

175-180 1 2480 

4880 

Average 4730 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDSNTIAL NPG REPORT NO,  H38 

Fragmentation Tests of Notchod-Ring Bombs, 250 lb., 
Typo 8x 17 Mod 0 

urn YII isu&mai 
60 Ft* Radius ijrena 3150 Frames per sec* 
35mm Fastax Camera 1 Corap. B 
Rd. 14. 250# Bx 17-0 Ring Bomb Sor. #5 Filler Weight 91.49 Lbs, 
Total Weight 243*33 lbs. Datei    19 March 1953 

Frrjne in Which 
Hit Occurred AM. 

0-5 

Nose 
Veloeitv it/ri 

109 1 1730 

CONFIDENTIAL 
SECURITY iMFORMmON 7 iJ>PENDIX D 



COKFIE&KTIAL NPG REPORT NO.  II38 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Bx 17 Mod 0 

60 Ft, Radius Arena 
35mm Fastax Camera 1 
Rd. 15, 250# Bx 17-0 Ring Bomb Ser. #6 
Total Weight 245.54 Lbs. 

3100 Frames per sec* 
Comp. B 
Filler Weight 92.46 Lbs. 
Datot    20 March 1953 

Frcne in Which 
Zone 

95-100 

Beam Total 
Hits 

4 

Velocity (f/s) 

29 4 6410 

30 90-95 
95-100 I 7 6200 

31 90-95 
95-100 * 10 6000 

32 90-95 
95-100 

100-105 

5 
11 5810 

33 85-90 
90-95 

100-105 

2 
2 
2 6 5640 

34 85-90 
90-95„ 

100-105 

5 
2 
3 10 5470 

35 85-90 
95-100 

1 
1 2 5310 

36 85-90 
90-95 
95-100 

1   . 
1 
1 3 5170 

37 80-85 2 2 5030 

38 80-85 
90-95 

100-105 

2 
2 
2 6 4890 

39 90-95 
105-UO 

1 
2 3 4770 

40 85-90 
95-100 

1 
1 2 4650 

41 95-100 
100-105 

2 
1 3 4540 

CONFIDENTIAL 
SECURITY INFORMATION 8 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragmentation Tests of Notched-Ring 
Typo Ex 17 Mod 0 

Bonbs, 250 lb., 

Total 
fllta 

3 

Frame in flhich 
HAt Occurred, 

Beam 
Velocity (f/a) 

42 65-70        2 
85-90        1 4430 

43 90-95        1 
95-100        1 
100-105        1 3 4330 

44 70-75        1 
100-105      l 2 4230 

45 85-90        1 1 4130 

47 90-95       1 1 3960 

Median 5610 

Average 5410 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO*  II38 

Fragmentation Tests cf Notcnod-Ring Bombs, 250 lb., 
Type Bx 17 Mod 0 

Lfcfitf m KopttttlQfl) 

60 Ft. Radius Arena 
25nan Fr.stax Camera 2 
Ed. 15, 25C# Ex 17-0 Ring Bomb Ser. #6 
Total Weight 245.54 Lbs. 

3150 Frames per sec. 
Coop. B 
Filler Weight 92.46 Lbs. 
Date 1    20 March 1953 

Frame in Which Base 
Zone 

175-180 

No. Fragments    Velocity (f/a) 

31 1            6100 

32 175-180 1            5910 

33 175-180 1            5730 

35 175-180 2             5400 

46 175-180 1             4110 

54 165-170 1             3500 

5$ 175-180 1             3440 

60 175-180 1             3150 

71 175-180 1           2660 

72 175-180 1           2630 

73 175-180 2 (Base Plug)   2590 

74 175-180 1           2550 

Median 3930 

Average 3980 

CONFIDSNTIJX 
SECURITY INFORMATION 10 APPENDIX D 
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CONFIDENT IAL NPG REPORT NO.  II38 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

TABLE VIII 

k LOT  \ 

rames 
B 

Weig 
9 Ha 

m VELOCITY DATJ 

60 Ft. Radius Arena 
3imm Fastax Camera 1 
Rd. 5, 250# Ex 17-0 Ring Bomb Ser. #7 
Total Weight 244.86 lbs. 

3050 F 
Comp. 
Filler 
Datet 

per sec* 

ht 92*02 lbs* 
rch 1953 

Frame in Which 
Zono 

90-95 

Beam Total 
Hlta 

1 

Yfil ocitv (f/s) 

28 1 6540 

29 90-95 
95-100 

1 
7 8 6310 

30 90-95 
95-100 

2 
5 7 6100 

^^ 90-95 
95-100 

100-105 

8 
2 
3 13 5900 

32 85-90 
90-95 
95-100 

100-105 

3 
4 
1 
2 10 5720 

33 100-105 1 1 5550 

34 85-90 3 3 5380 

35 80-85 
85-90 

100-105 

2 
1 
1 4 5230 

36 80-85 1 1 5080 

38 75-80 
80-85 
85-90 
95-100 

1 
2 
2 
1 6 4820 

39 75-80 1 1 4690 

41 70-75 2 2 4460 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NP G REPORT  HO.   113B 

Fragmentation Tests of Notched-Ring Bombs, 
Type Ex 17 Mod 0 

250 lb., 

TABLE VIII (Continue 

Total 
HUrfl 

1 

Prams in Which 
Hit Occurred 

42 

Zone 

75-80 

Bean 
Vfiloeitv  (f/s) 

1 4360 

*3 90-95 1 1 4260 

44 65-70 
95-100 

2 
1 3 4160 

Median 
Average 

5770 
5560 

CONFIDENTIAL 
SECURITY INFORMATION 

UM 

APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  II38 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

60 Ft. Radius Arena 
35mm Fastax Camera 2 
Rd. 5, 250# Sx 17-0 Ring Bomb Ser. #7 
Total Weight 244.86 lbs. 

3000 Frames per sec. 
Comp. B 
Filler Weight 92.02 lbs. 
Datet    9 March 1953 

Frame in Which 
Hit Occurred fione 

175-180 
Hfta ranaafca 

1 

Total 
HUB 

1 

Veloeitv  (f/s) 

24 7500 

27 175-180 1 1 6670 

32 135-140 1 1 5630 

34 175-180 2 2 5290 

35 175-180 2 2 5140 

37 170-175 2 2 4860 

41 175-18C 2 2 4390 

44 175-180 2 2 4090 

50 175-180 1 1 3600 

51 175-180 
170-175 

1 
1 2 3530 

67 175-180 1 1 2690 

68 175-180 2 (Base 
Plug) 2 2650 

71 175-180 
160-165 

1 
1 2 2540 

Median 4500 

Average 4340 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT HO. 1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb,, 
Type Sx 17 Hod 0 

Xittfi Ylll Cfiflauaaaal 
60 Ft* Radius arena 
35mm Fastax Camera 1 
Rd. 7, 2500 Sx 17-0 Ring Bomb 6er. #8 
Total Weight 247.90 lbs. 

3000 Frames per sec. 
Comp. B. 
Filler Weight 91.80 lbs. 
Dates    10 March 1953 

Frame in Which 
Hit Occurred 22fie. 

100-105 

Beam 
No- Frasments 

Total 
Bit a 

1 

Velocity <f7s> 

26 1 6920 

28 95-100 5 5 6430 

29 90-95 
95-100 

1 
6 7 6210 

30 90-95 
95-100 

100-105 

3 
4 
4 11 6000 

*1 90-95 
95-100 

100-105 

2 
3 
1 6 5810 

32 85-90 
90-95 
95-100 

2 
1 
2 5 5630 

33 85-90 
90-95 
95-100 

100-105 

i 
1 
2 7 5450 

34 80-85 
85-90 

100-105 

1 

I 5 5290 

36 80-85 
100-105 

1 
1 2 5000 

37 80-85 
90-95 

1 
1 2 4860 

38 70-75 
90-95 

4 
1 5 4740 

42 85-90 2 2 4290 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragmentation Tests of Notched -fling Bonbs, 250 lb., 
Type Ex 17 Mod 0 

Frame In Which 
Hit Occurred ZSDS. 

44 85-90 

45 95-100 
46 70-75 

50 85-90 

52 65-70 
85-90 

Median 
Average 

Smttfi Yffl igpntlnmfl) 
Beam 

ffPt gauaaaai 
Total 
Hit*. Velocity (f/s> 

1 4090 

1 4000 

1 3910 

1 3600 

2 3460 
5750 
5480 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPCRT NO.  1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb*, 
Type Ex 17 Mod 0 

WVk VJII  (ffOntflMlHI) 
60 Ft* Radius Arena 
35am Fastax Camera 2 
Rd. 7, 250# Ex 17-0 Ring Bomb Ser. #8 
Total Weight 247.90 lbs. 

3000 Frames per sec. 
Comp. B 
Filler Weight 91.80 lbs. 
Date 1    10 March 1953 

Frame in Which 
Hit Occurred Zone 

Base 
No, Fragments. Velocity (f/ff) 

23 175-180 1 7830 

26 175-180 1 6920 

30              V 175-180 2 6000 

31 175-180 1 5810 

34 170-175 1 5290 

35 175-180 1 5140 

37 175-180 1 4860 

38 170-175 1 4740 

41 175-180 1 4390 

44 175-180 1 4090 

48 175-180 1 3750 

49 175-108 1 3670 

50 175-180 1 3600 

52 160-165 1 3460 

67 175-180 2 (Base 
Plug) 

2690 

68 175-180 1 2650 

70 175-180 1 2570 

Median 
t 4500 

Average 4530 

CONFIDENTIAL 
S*£URITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.   1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

TABLE VIII (Continued) 

60 Ft* Radius Arena 
35mm Fastax Camera 3 
Rd. 7, 250# Ex 17-0 Ring Bomb Ser. #8 
Total Weight 247*90 lbs* 

3050 Frames per sec. 
Comp* B 
Filler Weight 91.80 lbs* 
Date 1    10 March 1953 

Frame in Which 
Hit Occurred gojM 

0-5 

0-5 

Nose 
No. Fragments Velocity (t/s) 

107 

108 

2 

1 

1710 

1690 

Average 1700 

1 
CONFIDENTIAL 
SECURITY INFGP BIT AV 

IXV/it 
n 
1 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  II38 

Fragmentation Tests of Notched-Ring BOLILS, 250 lb.t 
Type Ex 17 Mod 0 

TAPI.fi VHI LgjBBfcLnjLfidJ 

60 Ft, Radius Arena 
35BB Fast ax Camera 1 
Rd. 9, 250# Ex 17-0 Ring Bomb Ser. #9 
Total Weight 248.04 lbs. 

3000 Frames per sec. 
Coup. B 
Filler Weight 91.18 
Date 1    17 March 1953 

Frame in Which 
Hit Occurred Zone 

95-100 

Beam Total 

1 

Valocitv (f/s} 

27 1 6670 

28 90-95 2 2 6430 

29 95-100 
90-95 
95-100 

6 
5 
4 15 6210 

30 85-90 
90-95 
95-100 

100-105 

2 
4 
3 
3 12 6000 

31 90-95 
100-105 

1 
5 6 5810 

32 85-90 3 3 5630 

33 85-90 
100-105 

1 
4 5 5450 

34 80-85 
85-90 

2 
4 6 5290 

35 80-85 
100-105 

1 
2 3 5140 

36 80-85 
85-90 
95-100 

2 
1 
1 4 5000 

37 75-80 

8-1&> 
75-80 

1 
2 
1 
2 6 4860 

41 65-70 1 1 4390 

42 95-100 1 1 4290 

43 90-95 1 1 4190 

Median 5850 

Average 5650 

CONFIDENTIAL 
SECURITY INFORMATION 8 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO,  H38 
Fragmentation Tests of ITotched-Ring Bombs, 250 lb., 

Type Ex 17 Mod 0 

TAWT.F. VTTT   ffirmtlniie 31 
3050 F 
Comp. 
Filler 
Dates 

60 Ft. Radius Arena 
35mm Fastax Camera 2 
Rd. 9. 250# Ex 17-0 Ring Bomb 
Total Weight 246,04 lbs. 

Ser. 1 #9 

rames per sec. 
B 
Weitfit 91.18 lbs. 
17 Haroh 1953 

Frame In Which 
Hit Occurred 

175-180 
No, 

Base Total 
BUS 

2 

j 

Velooitv (f/s) 

24 2 7630 

25 175-180 1 1 7320                              1 
30 175-180 2 .2 6100 

32 175-180 4 4 5720 

34 175-180 1 1 5380 

37 175-180 1 1 4950 
38 175-180 2 2 4820 
40 165-170 1 1 4580 

41 175-180 1 1 4460 

43 175-180 1 1 4260 

45 175-180 1 1 4070 

46 175-180 1 1 3810 

49 175-180 1 1 3730 

59 160-165 1 1 3100 

61 160-165 
175-180 

r-trH
 2 3000 

65 170-175 1 1 2820 

66 175-180 2 (Base 
Plug) 

2 2770 

69 175-180 1 1 2650 

Median 4800 

Average 4720 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO,  1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

TAffliK YllI (fiffltlmttl) 
60 Ft, Radius Arena 
35mm Fastax Camera 3 
Rd. 9, 250# Kx 17-0 Ring Boob Ser, #9 
Total Weight 248,04 lbs. 

3150 Frames per sec. 
Comp, B 
Filler Weight 91*18 lbs. 
Date*    17 March 1953 

Frame in Which 

108 

Zone 

0-5 

Nose 
No. Fragments Velocity (f/a) 

1750 

CONFIDENTIAL 
SECURITY INFORxiiillON 10 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.  1138 

Fragmentation Tests of Notched-Ring Bombs,  250 lb., 
Type Ex 17 Mod 0 

TAflfrfi BE 
FRAGMENT VELOCITY DATA LOT 4 

60 Ft. Radius Arena 
35mm Fastax Camera 1 
Rd. 6, 250# Ex 17-0 Ring Bomb Ser. #10 
Total Weight 243.85 Lbs. 

3050 Frames per sec. 
Comp. B 
Filler Weight 92.29 Lbs. 
Date1    9 March 1953 

Frame in Which 
Hit Occurred Zone 

95-100 

Base Total 
am 

6 

Velocity Lt/a) 

29 6 6310 
30 95-100 7 7 6100 
31 90-95 

95-100 
4 
8 12 5900 

32 90-95 
95-100 

100-105 

1 
2 
2 5 5720 

33 85-90 
90-95 

100-105 

1 
2 
1 4 5550 

34 85-90 
90-95 

100-105 

1 
1 
1 3 5380 

35 90-95 
100-105 

1 
2 3 5230 

36 85-90 1 1 5080 
37 80-85 

85-90 
90-95 
95-100 

1 
1 
1 
2 5 4950 

38 80-85 
90-95 

1 
1 2 4820 

39 85-90 
90-95 

1 
1 2 4690 

40 80-85 
85-90 
95-100 

1 
1 
1 3 4 580 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO*   1138 

Fragmentation Tests of Notched-Ring 
Type Ex 27 Mod 0 

Bombs, 250 lb., 

IABI£ IX (Continued) 

Total 

1 

Frame In Which 
Hit Occurred Zone 

100-105 

Beam 
Velocity it/?) 

41 1 4460 

43 65-70 
70-75 

1 
1 2 4260 

44 95-100 2 2 4160 

Median 57CO 

Average 5480 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO.   1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

60 Ft. Radius Arena 
35mm Fastax Camera 2 
Rd. 6, 250# Ex 17-0 Ring Bomb Ser. #10 
Total Weight 243.85 Lbs. 

3000 Frames per sec. 
Comp. B 
Filler Weight 92.29 Lbs. 
Date1    9 March 1953 

Frame in Which Base Total 
Zone 

175-180 
ttttl 

1 

Valoeitv tt/B\ 

25 1 7200 
27 175-180 1 1 6670 

29 155-160 1 1 6210 

31 170-175 2 2 5810 

33 175-180 1 1 5450 

43 165-170 
175-180 

1 
1 2 4190 

44 175-180 2 2 4090 
46 175-180 1 1 3910 
52 160-165 1 1 3460 
66 175-180 1 1 2730 
67 175-180 2 (Base Plug)  2 2690 
68 175-180 2 2 2650 

69 175-180 1 1 2610 
72 175-180 1 1 2500 

Median 

Average 

4230 

4190 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL KPG REPORT NO. 1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

TAKE g tegfttoMifl 
60 Ft. Radius Arena 
35mm Fastax Camera 1 
Rd. 8,  250# Ex 17-0 Ring Bomb Ser. #11 
Total Weight 246,62 Lbs. 

3000 Frames per sec. 
Comp. B 
Filler Weight 91-26 Lbs. 
Dates    10 March 1953 

Frame in Which 
Hit Occurred Zone 

95-100 

Beam 
No. Frarments 

Total 
Etta 

3 

Velocity (f/s) 

28 3 6430 

29 90-95 
95-100 

2 
9 11 

1 

6210 
30 90-95 

95-100 
4 
4 8 6000 

31 90-95 
95-100 

100-105 

5 
1 
3 9 5810 

32 85-90 
90-95 
95-100 

100-105 

5 
3 
2 
3 13 5630 

33 85-90 
100-105 

4 
2 6 5450 

34 85-90 
100-105 

1 
2 3 5290 

35 80-85 
85-90 

3 
3 6 5140 

36 80-85 
85-90 
95-100 

1 
1 
1 3 5000 

37 Z5-?0 
80-85 

1 
1 2 4860 

38 75-80 2 2 4740 

39 75-80 
80-85 
85-90 

1 
1 
1 3 4620 

40 100-105 1 1 4500 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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f               CONFIDENTIAL NPG REPORT NO.   1138 A 

1                             Fragmentation Tests of Notched-Ring 
1                                                              Type Ex 17 Mod 0 

Bombs, 250 lb,, P 

01 ABLE IX (Continued) 

fc             Frame In Which 
I               fltt Occurred, Zone 

Beam 
No. Fragments 

Total 
BJ&ft- Y<?l9C*ty (jyj) 

I                       44 70-75 
85-90 
90-95 

2 
1 
1 4 4090 • 

1                      47 65-70 1 1 3830 
1                            48 

80^85 
1 
1 2 3750                          1 

•             Median 5660                    b 

H             Average 5460 

CONFIDSNTIAL 
SECURITY IKFORL'AXICN APPENDIX D 
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CONFIDENTIAL NPQ REPORT NO.  1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

&lam& 
60 Ft. Radius Arena 
35nm Fas tax Camera 2 
Rd, 8, 250# Ex 17-0 Ring 
Total Weight 246.62 Lbs. 

Bomb Ser. #11 

3000 Frames per sec. 
Comp. B 
Filler Weight 91.26 Lbs. 
Dates    10 March 1953 

Frame in Which 

23 

31 
33 
34 
35 
38 
39 
40 
41 
42 

43 
44 

45 
46 

51 

55 
62 
64 
66 
67 
72 

Median 

Zone 

175-180 

175-18G 
175-180 
175-180 
175-180 
175-180 
175-180 
175-180 
175-180 
170-175 
175-180 

175-180 

170-175 
170-175 
175-180 

175-180 
170-185 
165-170 

160-165 
165-170 
175-180 
175-180 

160-165 

Base Total 
No. Fragments     Bits.. 

1 1 

1 1 
1 1 
2 2 
2 2 
1 1 
1 1 
1 1 
1 1 
1 1 
2 2 

1 1 
1 1 
1 
1 2 

1 
1 2 
1 1 
1 1 
1 1 
1 1 
3 (Base Plug) 3 

1 1 

Average 
CONFIDENTIAL 
SECURITY INFORMATION 

Y»1O<?UY it/9) 
7830 
5810 
5450 
5290 
5140 
4740 
4620 
4500 
4390 
4290 

4190 

4090 
4000 

3910 

3530 

3270 

2900 

2810 

2730 
2690 

2500 

4160 

4150 

APPENDIX D 
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CONFIDENTIAL NPG .3SP0RT NO.   1138 

Fragmentation Tests of Notched-Ring Bor.bs,  2*0 lb., 
Type Ex 17 2fod 0 

TAIftfi IX (gontrlPMfl) 

60 Ft* Radius Arena 3050 Frames per sec. 
35mm Fastax Camera 3 Comp. B 
Rd. 8, ,'50# Ex 17-0 Ring Bombs Ser. #11 Filler Weight 91.26 Lbs. 
Total Weight 246.62 Lbs. Dates    10 March 1953 

Frame In Which 
Htt Occurred, Zone 

Nose 
No, Fra/ments Velocity (f/s> 

103 0-5 1 1780 
108 0-5 1 1690 

Average 1740 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPO REPORT NO.   1138 

Fragmentation Tests of Notched-Ring Bombs, 
Type Ex 17 Hod 0 

250 lb., 

TABLE IX (Continued] L 

2950 Frames per sec. 
Comp. B 
Filler Weight 91*48 Lbs. 
Date*    11 March 1953 

60 Ft. Radius arena 
35win Fastaz Camera 1 
Rd.  10. 250# Ex 17-0 Ring Bomb Ser. #12 
Total Weight 244.80 Lbs. 

Frame in Which 
Zona 

100-105 

Beam 
No. Fragments 

Total 
Hits 

1 

Veloc^y (f/s) 

7080 25 1 

27 95-100 6 6 6560 
28 90-95 

95-100 
5 
9 14 6320 

29 90-95 
95-100 

100-105 

4 
4 
2 10 6100 

30 90-95 2 2 5900 

31 100-105 3 3 5710 

32 85-90 
100-105 

2 
2 4 5530 

33 85-90 
95-100 

100-105 

1 
1 
1 3 5360 

34 80-85 
85-90 
90-95 

3 
3 
l 7 5210 

35 80-85 
95-100 

100-105 

2 
2 
2 6 5060 

36 75-go 
80-85 
85-90 

1 
1 
1 3 4920 

37 90-95 
95-100 

100-105 
i 
1 5 478O 

38 75-80 
90-95 
95-100 

3 
2 
1 6 4660 

CONFIDENTIAL 
SECURITY  INFORMATION 8 APPFJJDIX D 
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CONFIDENTIAL r?G REPORT NO.  1138 

Fragmentation Test of Notched-Ring Bombs,  2 
Typo Ex 17 Mc3 0 

.50 lb., 

TABUS IX (Continued} 

Total Frame In Which 
Hit Occurred Zone 

Beam 
Velocity (t/s) 

39 70-75 
75-60 
95-100 

1 
1 
1 3 4540 

40 70-75 
85-90 
90-95 

1 
2 
1 4 4430 

41 65-70 1 1 4320 
42 

80-85 
2 
1 3 4210 

43 65-70 
95-100 

100-105 

1 
1 
1 3 4120 

45 65-70 1 1 3930 

Median 5470 

Average 5420 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG RLPORT tfO. 1138 

Fragmentation Tests of Kotched-Ring Bombs, 250 lb., 
Typo Ex 17 V'od 0 

I MM IX (Continued! 

60 Ft. Radius Arena 
35BBB Pastax Camera 2 
Rd. 10, 250# SZ 17-0 Ring Bomb Ser. #12 
Total Weight 244,80 Lbs. 

3000 Frames por sec. 
Cofflp. B 
Filler Weight 91.48 Lbs. 
Dates    11 March 1953 

Frame in Which Base 
Hit Occurred  . ffone 

175-180 

Velocity (t/a) 

23 7830 
24 175-180 7500 
28 175-180 6430 
30 175-180 6000 

35 175-180 5140 
38 175-180 4740 
39 170-175 4620 
42 175-180 4290 

43 170-175 
175-180 4190 

46 170-175 3910 
51 165-170 3530 

57 165-170 3160 
60 165-170 3000 

65 160-165 2770 

69 175-180 1 (Base Plug} >         2610 
70 175-180 2570 

71 175-180 2540 

Median 4200 

Average 4390 

CONFIDENTIAL 
SECURITY INFORMATION 10 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragmentation Tests of Notchod-Rlng Bombs, 250 lb., 
Type Ex 17 Mod 0 

LttUS g (Continued) 
60 Ft. Radius Arena 
35mm Fastax Camera 3 
Rd.  10,  250# Ex 17-0 Ring Bomb Ser. #12 
Total Weight 244.80 Lbs. 

3050 Frames per sec. 
Comp. B 
Filler Weight 91.48 Lbs. 
Dates    11 March 1953 

Frame In Which 
an ftaamcifl 

90 
116 

Zone 
Nose 

No. Fragments Velocity (t/rt 

10-15 
0-5 

1 
1 

2030 
1580 

Average 1810 

CONFIDENTIAL 
SECURITY INFORMATION 11 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragmentation Tests of Notohed-Ring Boots, 250 lb., 
Type Sx 1? Mod 0 

miaMBB w&m Bdti na 5 
60 Ft* Radius arena 
35mm Faetax Camera 1 
Rd. 1, 250# Bx 17-0 Ring 3omb Ser #13 
Total Weight 247.70 Lbs, 

2550 Frames per sec. 
Comp. B 
Filler Weight 91.30 Lbs. 
Dates 5 March 1953 

Frame In Which 
Hit Occurred Zone, 

95-100 

Beam Total 
Bit! 

3 
Velocity (I/a) 

638O 24 3 

25 90-95 
95-100 

2 
11 13 6120 

26 90-95 
95-100 
100-105 

5 

13 5880 

27 90-95 
100-105 

2 
1 3 5670 

28 90-95 
95-100 

100-105 
85-90 

2 
1 
1 
7 11 5460 

29 85-90 
100-105 

4 
3 7 5280 

30 90-95 
100-105 
85-90 
80-85 

2 
1 

8 5100 

31 100-105 
85-90 
80-85 

1 
1 
4 6 4940 

32 105-110 
80-85 

1 
1 2 4780 

33 85-90 
80-85. 

1 
1 2 4640 

34 75-80 4 4 4500 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO, 1138 

Fragmentation Tests of Notched-Ring 
Type Ex 17 Mod 0 

Scabs, 250 lb., 

2fifit 

75-80 
70-75 

100-105 

rABLE X (ConJlffl1*^ 

Total 
aiti 

3 

Velocity (f/s) 

4250 

Frame in Which Beam 

36 1 
1 
1 

38 65-70 2 2 4030 

Median 
Average 

5570 
5420 

CONFIDENTIAL 
SECURITY INFORMATION 
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CONFIDENTIAL NPO REPORT NO. 1138 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 Mod 0 

I4BMII LfiaaUafti^ 
60 Ft* Radius Arena 
35mm Fastax Camera 2 
Rd. 1, 250# Ex 17-0 Ring Bomb Ser #13 
Total Weight 247*70 Lbs, 

2550 Frames per sec* 
Comp* B 
Filler Weight 91.30 Lbs* 
Dates 5 March 1953 

Freme in Which 
fefifc 

175-180 

Base 

2 

Total 
fiUg 

2 

Velocity (f/s) 

23 6650 

26 175-180 2 2 5680 

30 175-180 2 2 5100 

31 175-180 1 1 4940 

3* 175-160 1 1 4500 

35 175-180 1 1 4370 

37 175-180 2 2 4140 

39 175-180 1 1 3920 

40 175*-160 1 1 3830 

43 175-160 1 1 3560 

44 175^160 2 2 3480 

45 175-160 1 1 3400 

50 175-160 1 1 3060 

51 175*180 
160-165 

1 
1 2 3000 

54 175-180 1 1 2830 

57 160-165 
175-180 

1 
3 

(Base 
Plug) 4 2680 

59 175-180 1 1 2590 

Median 
Average 

3830 
4010 

CONFIDENTIAL 
SECURITY INFORMATION 
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CONFIDENTIAL NPG REPORT NO. 1136 

Fragmentation Tests of Notched-Ring Bombs, 250 lb., 
Type Ex 17 i-iod 0 

TABIS X (Continued) 

60 Ft* Radius Arena 
35mm Fastax Camera 1 
Rd. 2, 250£ Ex 17-0 Ring Bomb Ser #14 
Total Weight 247,28 Lbs. 

Beam 

V- 

Frame In Which 
Hit Occurred ftone 

24 95-100 
25 90-95 

95-100 
26 90-S5 

95-100 
100-105 

27 85-90 
90-95 
95-100 
100-105 

26 85-90 
90-95 

100-105 

29 80-65 
65-90 
95-100 

100-105 

30 80-85 
85-90 
100-105 

31 80-65 
85-90^ 
100-105 

32 80-85 

33 80-85 
75-80 
105-110 

35 75-80 

36 70-75 

Median 
Average 

CONFIDENTIAL 
SECURITY INFORMATION 

2 
8 

1 
1 

1 
2 
4 

2 
2 
2 

1 
1 
1 
1 

3 
1 
4 

6 

1 
1 
1 

1 

1 

2550 Frames per sec. 
Comp. B 
Filler Weight 91.26 Lbs. 
Date 1 5 March 1953 

Total 
am 

2 

10 

8 

6 

6360 

6120 

5880 

5670 

5460 

5280 

5100 

8 4940 

6 4780 

3 4640 
1 4370 

1 4250 

5500 
5410 

APPENDIX D 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragmentation Tests of Notched-Ring 
Type Ex 17 Mod 0 

Bosbs, 250 lb,, 

TABI£ I (Continued) 

50 Frames per sec 
op. B 
lier Weight 91.28 Lbs. 
tet 5 March 1953 

60 Ft. Radius Arena                25 
35om Fastax Camera 2                Co 
Rd. 2, 250# Ex 17-0 Ring Boob Ser #14   Fl 
Total Weight 247.28 Lbs.             Da 

Frame in Which 
2fi&ft 

175-180 

Base 
ftb Fxuataii 

2 

Total 

2 

Velocity it/9) 
6950       1 22 

23 175-180 1 6650       1 

28 175-1C0 1 5460         I 

31 175-180 1 4940 

35 170-175 1 4370         1 

39 175-180 
165-170 3 3920         1 

40 175-180 2 2 3830         1 

49 165-170 1 1 3120         1 

51 175-180 1 1 30OO 

55 160-165 1 1 2780 

56 160-165 1 1 2730         1 

60 175-180 i (Base 
«* Plug) 3 2550         ] 

Median 
Average 

3920 
4110 

CONFIDENTIAL 
SECURITY INFORMATION APPENDIX D 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragmentation Tests of Notched-Ring 3o;.ibs, 250 lb., 
Type Bx 17-0 Mod 0 

60 Ft. Radius Arena 
35oa Fastax Camera 1 
Rd. 3, 250# Ex 17-0 Ring Bomb Ser #15 
Total rfeight 250.08 Lbs. 

3000 Frames per sec* 
Coap. B 
Filler teeight 93*12 Lbs. 
Dates 6 March 1953 

Frame in 'which 

95-100 

Beam     Total 
Velocity (f/s) 

28 3 3 6430 

29 95-100 
90-95 I 7 6210 

30 90-95 
95-100 

7 
4 11 6000 

31 85-90 
90-95 
95-100 

3 
4 
1 6 5810 

32 85-90 
90-95 I 4 5630 

33 85-90 
90-95 
95-100 
100-105 

7 

1 
1 13 5450 

34 85-90 
95-100 

2 
2 4 5290 

35 80-65 
95-100 
100-105 

1 
2 
1 4 5140 

36 80-85 
75-80 
100-105 

1 
2 
1 4 5000 

37 80-65 1 1 4860 

38 75-80 1 1 4740 

39 100-105 
75-60 

1 
1 2 4620 

40 90-95 1 1 4500 

CONFIDENTIAL 
SECURITY INFORMATION APPEIWIX D 
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CONFIDENTIAL N*G 1 IBPCRT NO. 1130 

Fragmentation Tests of Notched-Ring 
Type Ex 17-0 Mod 0 

Bcr.b3, 250 lb., 

2&B& 

65-70 

Total 
HJJA- 

2 

Frane In \.nich 
Hit Occurred 

Bean 
fri Fragments Velocity (f/a) 

41 2 4390 

42 75-80 1 1 4290 

44 65-70 2 2 4090 

Median 
Average 

5700 
5510 

CONFIDENTIAL 
SECURITY INFORMATION 
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CONFIDENTIAL NPG REPORT HO. 1138 

Fragmentation Tests of Notched-Ring Bonbs, 250 lb., 
Ty^e Ex 17 Mod 0 

SABLE 1 Cfiaauasdi 
60 Ft* Radius Arena 
35nm Pastax Caaera 2 
Rd. 3, 250# Ex 17-0 Ring Bor*9 Ser #15 
Total Weight 250.08 Lbs. 

3150 Frames per sec* 
Coop. B 
Filler Weight 93.12 Lbs. 
Date 1 6 March 1953 

Frame In Which 
lent 

175-180 

Base 
Hfta fTflgffBBtg 

1 

Velocity Cf/«) 

23 8220 

26 175-180 1 7270 

28 175-180 1 6750 

29 175-180 2 6520 

30 175-180 1 6300 

32 175-180 2 5910 

39 175-180 1 4850 

40 175-180 3 4730 

41 175-180 1 4610 

42 175-180 2 4500 

43 175-180 1 4400 

48 165-170 1 3940 

50 170-175 1 3780 

52 165-170 2 3630 

59 165-170 1 3200 

63 175-180 1 3000 

64 165-170 1 2950 

65 175* 180 2 (Base Plug) 2910 

66 175-180 2 2860 

Median 
Average 

4650 
4670 

11  
ML" 

CONFIDENTIAL 
SECURITY INFORMATION 8 APPENDIX D 
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COHFH&NTIAL NPG REPORT NO. 1138 

Fragmentation Tosts of Notchod-Rins Bo.ubs, 250 ib., 
Type Ex 17 Mod 0 

lifflg I tflttUBafiflJ 
60 Ft. Radius Arena 
35ora Fastax Camera 1 
Rd. 4, 250# Ex 17-0 Ring Bomb Ser #16 
Total Weight 248.52 Lbs. 

2950 Franea per sec* 
Comp. B 
Filler height 92.24 Lbs. 
Date 1 7 March 1953 

Frame in fehioh 
feat 

95-100 

Beam Total 
Hita 

1 
Velocity it/a) 

27 1 6560 
28 95-100 3 3 6320 

29 90-95 
95-100 

100-105 

1 
7 
1 9 6100 

30 90-95 
95-100 

100-105 

3 
2 
1 6 5900 

31 90-95 
95-100 

100-105 

4 
2 
3 9 5710 

32 90-95 5 5 5530 
33 85-90 3 3 5360 
34 80-85 2 2 5210 

35 80-85 2 2 5060 

36 95-100 
100-105 
80-85 

2 
2 
2 6 4920 

37 80-85 
£5-90 

2 
1 3 4780 

38 85-90 1 1 4660 

39 85-90 
95-100 

1 
1 2 4540 

40 95-100 
105-110 
75-80 

1 
1 
1 3 4430 

CONFIDENTIAL 
SECURITY INFORMATION 9 APPENDIX D 
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1      COJ-TIDSKTIAL NPG REPORT HO. H38 

\                            Fragmentation Tests of Notchad-Ring 
1                        Type Ex 17 Mod 0 

SoabSf 250 lb,, 

Total 

2 

• 

velocity Cf/s) 

4320 

Ftaiao In Which 
fefift 

95-100 
100-105 

Beam 

41 1 
1 

42 
i 

65-70 1 1 4210 

! 
90-95 
65-70 

2 
1 3 4120 

IJ           44 85-90 1 1 4020           1 

'1     Median 
1     Average 

5550 
5350 

Ji 
CONFIDENTIAL 
SECURITY INFORMATION 10 *PPENDIX D I 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragnentation Tests of Notchad-Ring 
Type Ex 17 Mod 0 

Bo ab 8, 250 lb., 

X) Franes per see. 
&p. B 
Ller Weight 92.24 Lbs. 
bet 7 Maroh 1953 

60 Ft» Radius Arena 
35am Fastax Camera 2 
Rd. 4, 25C# Ex 17-0 Ring Boat) Sor #16 
Total Weight 248.52 Lbs, 

30< 
COJ 
FI: 
Da' 

Fraae in Which 
tatt 

175-180 

Base 

I 

Total 

1 

Velocity tt/iJ 
7500 24 

27 175-180 I 1 6670 

29 175-180 2 2 6210 

31 175-180 2 2 5810 

42 170-175 1 1 4290 

44 175-180 1 1 40$>0 

45 175-180 1 1 4000 

47 175-180 1 1 3830 

48 175-180 1 1 3750 

50 175-180 1 1 3600 

55 175-180 
155-160 

1 
1 2 3270 

57 175-180 1 1 3160 

65 170-175 1 1 2770 

69 175-180 2 (Base 
pin*) 2 2610 

70 175-160 1 1 2570 

72 175-180 1 1 2500 

Median 
Average 

3860 
4230 

CONFIDENTIAL 
SECURITY INFORMATION 11 APPENDIX D 1 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragcentation Teats of Kotched-Ring Bonbs, 250 lb,, 
Type Ex 17 Mod 0 

rena 
ara 1 
17-0 Ring ! 

3.33 Lbs. 

• per see. 

ght 92.22 Lbs. 
March 1953 

60 Ft. Radius JU 
35&a Fastaz Caow 
Rd. 16, 250# Ex 
Total Weight 244 

Bomb Bar #17 

3100 Frace 
Coop. B 
Filler Wei 
Datet    20 

Fraoe in Which 
jfefift 

95-100 
100-105 

KfijL 

Beam Total 
fcl    am 

3 

Ytlfftttl tt/ffJ 

6640 
28 2 

1 

29 90-95 
95-100 

1 
3 4 6410 

30 90-95 
95-100 

100-105 

2 
5 
4 11 6200 

31 85-90 
95-100 

100-105 

1 
4 
2 7 6000 

32 85-90 
90-95 
95-100 

i 
1 10 5810 

33 85-90 
90-95 

2 
2 4 5640 

34 100-105 1 1 5470 

35 80-85 
85-90 

2 
1 3 5310 

36 80-85 
85-90 

100-1C5 

2 
2 
1 5 5170 

37 80-85 
95-1CO 

3 
1 4 5030 

38 75-60 
• 

1 1 .     4890 

39 75-80 
80-85 

2 
1 3 4770 

40 75-60 4650 

CONFIDENTIAL 
SECURITY INFORMATION 12 *ur PBNDIX D I 
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CONPIDBNTIAI NPG REPOKT NO. 1138 

Fragmentation Tests of Notched-Ring Bonbs, 250 lb., 
Type Ex 17 Mod 0 

Frane in Which 
Zone 

42 70-75 
85.90 
95-100 

43 85-90 

44 65-70 

45 65-70 

46 

51 

85-90 
65-70 

Median 
-average 

Beam Total 
Baa rragMBta   fiiia- 

1 
1 
1 3 

1 1 

1 1 

1 1 

1 1 
1 1 

Velocity U/i) 

4430 

4330 

4230 

4130 

3880 

3650 

5800 
5560 

I 
li 
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CONFIDENTIAL NPG REPORT NO. 1138 

Fragmentation Testa of Notched-Ring Bcibs, 250 lb., 
Type Sx 17 Mod 0 

TiMi ¥ ffipntlimnf * 
60 Ft* Radius Arena 
35mm Fastax Caaera 2 
Rd. 16, 250# Ex 17*0 Ring Bomb Ser #17 
Total Weight 248.33 Lbs* 

3200 Frames per sec. 
Comp. B 
Filler Weight 92.22 Lbs. 
Patei 20 March 1953 

Frame in Which 

175-180 

Base 
Velocity (f/a) 

24 1 8000 

26 175-180 1 7380 

30 175-180 1 6400 

32 175-180 1 6000 

33 175-180 3 5820 

34 175-180 1 5650 
36 175-180 2 5330 

39 175-180 2 4920 

40 175-180 1 4800 

42 175-180 1 4570 

44 175-180 1 4360 

45 175-180 1 4270 

46 165-170 1 4170 

69 175-180 2 (Base Plug) 2780 

70 175-180 1 2740 

71 175-180 1 2700 

Median 
average 

5200 
4980 

A 

\ 

CONFIDENTIAL 
SECURITY. INFORMATION 14 APPENDIX D 
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CONFIDENTIAL 
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NPO REPORT NO. 1136 

Fragnontation Tests of Notchod-Ring Bcibs, 250 lb,, 
Type Ex 17 Mod 0 

60 Ft. Radius Jtreno 3100 Fracas per soc. 
35na Fastax Caoora 1 Conp. B 
Rd. 16, 250# Ex 17-0 Ring Boob Ser #17 Filler Weight 92.22 Lbs. 
Total Weight 248.33 Lbs* Datei 20 March 1953 

Fraaa in *hich 
git QuaanA 

112 

ism. 
0.5 

Hose 

1660 

CONFIDENTIAL 
SECURITY T NFOR tf-TION 15 APPENDIX D 
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CONFIDENTIAL                           NPG REPORT NO. 113S 
1 

Fragmentation Tests of Notched-Ring Bombs, 250 lb,, 
Type Ex 17 Mod 0 

60 Ft* Radius Arena                2950 Frames per see* 
35nm Fastax Camera 1               Comp. B 

I     Rd. 17, 250# Ex 17*0 Ring Boob Ser #18  Filler freight 91.20 Lbs. 
j     Total Weight 248,09 Lbs.             Dates 23 March 1953 
|                                        (Water Pit) 

Beam Spray 
I [             Frame In Whioh          (64» - 107*)   Total 

28       95-101       1        1      6320 
k        29      95-101     10 
1                101-107      5      15      6100 
1         30      90-95       4 
1                 95-101      10 
&                  101-107       8       22      5900 
!         31       90-95       6 

3                               95-101            5 
1                 101-107       4       15      *710 

"         32      90-95      11 
95-101      2 
101-107      11       24      5530 

33       84-90        3 
90-95       7 
95-101      2 
101-107      4      16      5360 

34      84-90       8 
90-95       6 
101-1C7      5      19      5210 

35 64-90       3 
(fe                90-95       2 

95-101      1 
101-107      5      11      5060 

36 84-90        4 
p                101-107      3       7      4920 

37      84-90       2 
95-101      2 
101-107      3       7      4780 

1|         36      95-101      1       1      4660 

fS               CONFIDENTIAL 
• t      3ECURIT2 IKF(SHI«IICN          16                APPENDIX D g, _...,       ^ --                - -  
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CONFIDENTIAL NPG 1 fiEfOhT NO.  1138 

Fragmentation Tests of Notched-Ring Eosbs, 
Type Ex 17 Mod 0 

250 lb., 

TflBLB X (Continued) 

Frame in Union 
ism. 

90-95 
95-101 

Bean Spray 
(84* - 107*) 

2 
1 

Total 
fittJL. 

3 

Velocity (f/») 

39 
4540 

40 
• 

84-90 
90-95 

1 
1 2 4430 

41 84-90 
90-95 
95-101 

101-1C7 

1 
1 
2 
1 5 4320 

42 84-90 2 2 4210 

44 84-90 
101-107 

1 
2 3 4020 

Median 
5380 Average 

#> 

••. 

CONFIDENTIAL 
SECUIiJTX INFORMATION 17 APPENDIX D 
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CONFIDENTIAL NPG REPORT NO. 1136 

Fragmentation Teats of Notched-Ring Boubs, 250 lb., 
Type Ex 17 Mod 0 

f-N-.v 

MM I Ua&UwAi 
6C Ft. Radius Arena 2950 Frames per sec. 
3'am Fa a tax Canera 2 Coap. B 
Rd 17 9 250# Sx 17-0 Ring Bomb 8er #18   Filler Weight 91.20 Lbs, 
Total Weight 248.09 Lbs. 

Frame In Which 
Bit Pttflltfrafl 

29 
30 

31 

32 

33 

34 

35 

36 

37 

36 

39 

ftone 
95-101 
95-101 

101-107 
90-95 
95-101 

101-107 

90-95 
95-101 

101-107 

90-95 
95-101 

101-107 
84-90 
90-95 
95-101 

101-107 

64-90 
50-95 

101-107 
84-90 
90-95 

1C1-107 

84-90 
101-107 

04-90 
95-101 

101-107 

95-101 

Bean Spr 
(84# 
Ho. 

'-W 
Date 1 23 March 1953 

(Water Pit) 

11 
9 

8 
6 
9 

8 

2 
10 
2 
6 

1C 
4 
5 

2 
2 
3 
1 

Total 
Hits 

3 

20 

23 

20 

20 

20 

19 

11 

7 
1 

Yfllcslty it/i) 
610c 

5900 

5710 

5530 

5360 

5210 

5060 

4920 

47GO 

4660 

4540 

CONFIDENTIAL 
SECttBTTY INFORMATION 18 APPENDIX D 
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CONFIDENTIAL NPG 1 IEP0KT NO. 1138 

Fragmentation Tests cf Notched-Mug 
Type Ex 17 Mod 0 

Bcnbs, 250 lb., 

1 

Zfiflft 
90-95 

Total 
Hits 

1 

Frame In Which 
Beam Spray 
(84* - 10T) 

Valoeltv (*/n) 

40 1 4430 

42 84-90 
95-101 
101-107 

1 
1 
1 3 4210 

45 64-90 
101-1C7 

1 
1 2 3930 

47 84-90 
101-107 

1 
1 2 3770 

Lfedian 
Avorage 

5440 
5310 

I 

il 

CONFIDENTIAL 
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F/m HQ.n&f 
2.S9 LB BOMBS EH n *oo o 

JSAHPLE-BLW  SPRAi FRAGHEHTS. 

SERIAL NO   I 

W-14'       T4-V      <?r-/Qr     lOt-IK 
0 - to am. 

PCS    8 
GlffS. / 7 

• -  «? 
•    & 7 J.i • • -. 

GUIS . _        • • • 
PCS.    j    ~      3   •        <? •••   4  !"' 

/i*-2<4    cms.      * -   -••iiCl*    »•* 
PCS     .   **"  9 • »•»  H •••   <? •»• 
CJBS. /J9 • • 'tf.0 •••,»/• •* JSZ •• •*. 

2fc-JJ*  CJM. . ••• •        ••• 
PCS.    j   •       4 <?••   1  ••• 
C8?3. 8 0      miU  " •*•«»•   •.*«•»•. 

• • 3H.-4'/2. Gi».S\ 
PCS.    7 ' 
GffiS. 280 

M 

»• • 
•31.2.  *  * .490 • "4/0 

4&-Sfr. GD?S. 
PCS 
GfflS. 52. •> 

10.3   *    J'O .         *<2 

Sk-Wi. GRS 
PCS 
GJBS. 

3 
111 a 

a'.              •       n 
4  __    5"   •*    5 

Z5.Qm      5/4 • • 5/J 
IK-l'/i. GJ&S 

PCS 
QMS 

1 
4.5" 

C 
ns   m           zoo 

IHL-SYZ ams 
PCS 
Gms. 

• 

Sfr-T/z Gms 
PCS 
Gms. 

Ik-IOk ams 
PCS 
am. 

IOH-U)i. Gms 
PCS 
am. 

Ilfr-IZ'A cms. 
PCS. 
Gms. &.Q *  . 

\2.</i-i3'/i am 
PCS 
COTS. 

• 

13)4-/414 GJM. 
PCS. 
C»S. 

t 

£ IV P9  #0   *30*4 

SERML  NO    2 

W-<?« 14-18 W  tf£ (02-/0» 

0 9 
4 7   ' '      <? 

'     '    / 5" »       ' 2 4 
• t    -    I 
• •    «    » 

4        .    12  "      *   10   '   m    8 
J S •   " JO 7 " • ' 5 ^ •    -67 

• •    I ""     " » 
• »     7   t S 

10 4 •   ' ,/3 i .(0 4 /4 4 

<   • 

, 3     ""       4      *        5 ' 
.8    *    8"4 4    * .14.3 •   • 13 <? »     • 5" 8 

. •   •  • • •       » 
'-    -    ' -    4J'3,..,?7.

%. 232 #    '(2 7 

40 
I 

.4 7 
/ 

45" 

3/5 
II II   ?   I    - 

J<?8 "   " 2C0 '     *58t '    • 3U ' 

SC/»Lf 

NP9-630&4 .., 16 March 19' 
250 lb. Bomb Type tX 17 Mod 0 Lot : 
cane fiberboard pack at 60*. 

Figure 9 
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ERAL m. mi 
2.SQ.   LB   BOMBS EX 11  AOD 0 

SAMPLE  BEAM   SPRAV  FRACHFHT& 

SERIAL NO  4 SERIAL  NO S 

-HP1 HO. 63/*/ 

SERIAL  NO   4 

7   - 
0 - %       GJM.    , , 

PCS.   in   • 
. o.ms.2.1 - 

ft-in    cm.     , ••> 
PCS.    q    • ••    j    •   • 

f0-*4*        <?4-W      W-Ktt'      HK.-KK      W-<J4-      94-1»       V-/«      /«-/Of  ! ^-W       W-Tr       W-KE (02-/0* 
i i        . ;    . .. • 

/4 •-  -IL2_- 

.      GPS.  4.7 

7  • - -I 3 /7    .  • .i   7 

•J4.5" •   -.4.4  • 
I74-2J4     CBS.  • • • • 

PCS.   ,   --  4   • •"   7   • •   7   " 
CIS. t5.Z-±*U2 •   *J4.7 .•J»Mfl - 

2fc-J/i GU.        •  •        •••"•"• 
PCS.     y      '.f       »   '/2 •••   I    * 
aaa.^ •. •/&.« •*&.• ••/« 

««•     *    ••    5"  _•_«•• JO    • 

.3.3 . .i 

* • • 

IJL\'  * J 2 

A.; 
2      —     4   -      > *        "   / 

.3.9     -   ,4* *   *#*•»•• ./I 

* J    - 
lajr -««.o.4 ,0.4 

4   '     '    5" 
2./ •    ' 0<? 

• « •   m 
,    •   *   4 

4.7 *   »49 • - - 
t • • 4 2 7*/3"""4 . 

3 5"  *   *./.<      '  .4 2" * "./0O«**2<?    • 

2      .        4 4   .  __   2 
a 

• V 
5"      »     2 

•If *'"3.<? 

J    * ,   2 
«? 7       .y 2 

•   <?   •   •   5 
J5-.5- *.r* 

•    4 
il.o • * 

•   » 
• • 

PCS. 
GJSS. 

GffS.237 •    •/!« "  7 30.1 •  •?** "  "J^O «.J ' .H.2 •   m I      m      2 2    » "   4        _  5    * 
4 / 91    "   .7.7 i4.7 • •.1/4 

zh* •! 

PCS      2 4 5"     ' 
GBS. //.<?     -   23J * * 3/2 • " 

LH>-7'/i.    GUIS.   -  «- a        a  • 
PCS       7   - -    5  -        5-     • 
GKS. 441" "2flJ_ "325 • «*.4 4 

T/i-SH. agfs. 
PCS. 
Gins. 

8ft.-1'/i. GUIS. 
PCS. 
am. 

Ik-10 b GUIS. 
PCS. 
QMS. 

io &-11 *.   Gms 
PCS 

__   GFS. 
ll/z-12'A CBS. 

PCS. 
GIBS. 

12ft- 13'/i GlftS. 
PCS. 
QMS. 

if,a-I7& cms 
PCS. 
SJ7?S. 

/ 
51 

« 
?4           . 

2 
.9 / a 

/      "       / 
.4.4           F.4 

a a             a 
*     4                2                2 

252" •7/4     *   /2 4 •  234* -J/.S". 
/ 

4 4 

i 
4 4 

»» 4   "          J 
.40 0 mmJ1.1 

. 2m~Z * * 2 " 
•        /f  a a   /O «• •    7 

1 

mtm         u    a 
aw    t    «•   1    , 
r»"37.'?"E *>.4.5" 

2 
IS!3 

<- 

a 
7 

44.5 

10.0 
2 

75.7 

'4 4 

sc.4i.f  r 

;T   :'   0: 
l-ll<l./.. 1 J      .. .  i  I. 



1722 
2.S0   LB   BOMBS £1 II   «O0 0 

SAMPLE MAM  SPRAi FRA6.MENTS. 

HP1 MO.  iZOIS 

SERIAL NO    7 j SERIAL  NO   8 SERIAL  NO    «? 

•J0--.J4-        94-1*       1t-IOi      101-IOi      TO-94        74-11       11-/02      101-lOi      90-14        U-184      V-/02 lOZ-IOi, 

o - to aws 
PCS. 
QMS. 

.  .            • -       •   - 
4                9  •      -     S    •        4 

1.2 '    •  .2.1 ' ' - ,1.3   '   • .1.0 

• t * *    M 

' is' '. '- •'. IZ • ' *    r * •"     * 
*   " .*2---*,4» -- v'2   *    •   i.t   "   " /a * 

• . • •       * •     • • » 
io   - -   is: : '  /2 ". - : 

J*  - - k J9- • • 2 J --  - 

IM-Zl*. 

am 
PCS 
QMS. 
GR3. 

/      "       S   »           i     •        2 
/,/.          .£4       ~.4* •   • J.Jf 

•   •   • «»r • •         >. • • 

•   - 
»            •    •                               -                * 
'    .J9 - W\SJL *   ~Z7     »:s.4 •  " 

*   • 
2                2               5"    * 

IS     "     / 4    "    3 8  *   • 
• «•» • 

•   •   "       .. «k 

2&-JJ* G!»S    • • •• 
PCS.   i   • •   j 

 flJU.ifj • ».0 
3fi.-4'/i.   GUIS m 

PCS.     2      .        I 
GffS.  7^      *    4.S 

4fc-fJ4    GWS 
PCS      ,     -      z 

       _        QMS. 4.4 .10.3 
5"&-6ft     G»S.       -   » 

PCS      j   • 
GJBS. 3Qtm.  m. 

• • 
•  • »    • 

.//• 

/o • 
.•4/,' • 

Sl_. 

.J4 7.f 
/o - 

";4.7»     ,i#.5»   • *« 
. • •   • 

2    -        » 
. **        .24.4 

*  •  •    II 
32 0 4W 

2 
*0 J.I 

1.*    •     49 /4.4«. ".9J .9.7    "     IS I 

2 
f4 •*   // 3 •   • 17 1 

J 
// 7 • 27 J • *J< 7 

+ s        .SO 

. • 

«••*••       5*        * • < • Z. •   * *  -»    *•    m      * * 4   •      S    m 

jSk.S • •i/./ •"• • .JOO " •j»i •   ».4Zi • *Z9 7 ^ *J2 0 479 • - ZSZ  * 249 *•  * 

4>4-7J4     GWS.       »«     r>   m 
mm ••III3*;*"" -   - •" o    ir"«<l"* 

JCS.     4.-.J •"* "     I    • 5     •       *** 7••J^_9"»»2_       //   »<•    f  ~ m 

.._    GBS. i*3 *<?./    "   .347 •» -_7J ,J44 • •.«/ •. * AiJ m • J47      * .59.9 - "iiJ 9    "    7J.5 - — J3.0 -   " 

7A-«*   avis 
PCS 

         GB5._ 
S)i-«?Jfc    GPS 

PCS. 
     JIBS. 

1&-I0*    VRS 
PCS. 

_    01i_ 
/   —i 

je./ 

io*-iih.  ans 
PCS | 
fiw 4-- —\       4- 

//J4-/2J1 CVS 
PCS. 

fiJIS | ;   .._. 4_     _,_    __.. 
/2 5i-/JJ4 GI?S 

PCS ! 
-CJB^  1     — i-        — 

Utt-/4iiGnS. 
PCS. 

 aw. 
2Joa.-zia.ams. 

PCS. 
 BJBL 

i i I ' 

SrA> r    i 



I 

^2!fl_Lfl.flQflfl„EX 11   SOD 0 
SAMPLE BEAM SPRAY ..FRAQAEHTS. 

MP1 HO    (MIS 

SERIAL NO 10 SER,AL  N0 " SfffML  N0   l2 

*)-<j4'     9*-ir    ir-Mt    im-iot    W-«M     74-11    w-/az    101-ioi    =w-<?4     14-w    V-KK      102-/0* 

0-91      G»3. 
PC*.   7      •      //  . /0 • - - J        - • /o 

:i^. 
• iz 
~4i 'Z.I • * ' JSJ  "   '44 

/o 
•2* 

S       *      10 

to-1*      QWS. %   *       t« • 

 6BS. 19   '    'it.f v-li.* * 

•  *   »        •   « it 
• * •"  *" •   * *'» 

J4   4 

i 

i*-z*   sirs. •   • PCS.   s     % 
• »;•*• •   1 

• • • •» • 1 
r    • 1 /    *   „4ML.\i+*io**9io»%mio,+ *3   *    z    •    7   . •. 4   « » * 

» k 

JZ 

*-3f% aws. 
. QgJ.1.1 * J7.T   * I•           .£7           5 2  *      5.4 •      ;/.7 

JA-4*   «».   ^ % . I   .-.:i     m m       . .      .#- ... ;        ,   .       ,  ,  - -^       f   , 
 0MS.1A m Ji.1 m liisfw.is'! • •_/**• •;<?<?•  •.«#.• *./«.•   *.its*  •257* •/£<?* *.J7   •» 

.// <?   *   " /* 7  k • 

•   »   * 

F 
4a-sn  aws.    ••'•,%•    ••       a      •        „     c>» 

CJHS.2U"    •444»   » !#.!_•   «.;0       •   ./•./•       /44 *        !**•      '70* 
4 ' # 7' ' 

203*    ' 2f. •   * 5 4    * 

PCS-3    • -    2      „       7   •»   3        *    y      "      4    _   ,     *     '   .   S   • •     .      ^       7   * -    4   \   \   «    - 

IH-7HL    aws 1 »f . "J"      f<| «, 

 GBS. 
/ 

7.4 a 

PCS 
GJ7S. 

/ 
.7.7 • 

8>t-9J4     G». 
PCS. 

     . ass. • t • 

PCS.     ms. 

! 1 

. .4...     : 
lOfi-llh.    GWS 

PCS 
             QMS. 

1 

UH-IZ'A. aws 
PCS. 
6ff$. _*. 

iz a -13 '/1 am. 
PCS. 
cms. Li 

I 
7<? » / if   '       HZ      *   7* 

/ 

•        * 

/ 
J/.2 

SCALF    I 

-1  cfi . i j,     ...ii'   ;i    i /' ]/.' 
j.Ou  D   Lot   4. :nei:t 

I  , 



JiQMlli 
J2.SQ.   LR   BOMB   £1  II    MOD 0 

MM MO. \UkH 

SAMPLE REAM  SMA1 UUL&ik 

0 - ft      6M. 
PCI.  £   . , 

 CJMLJ  

SERIAL HO 13 

•m-^*    vr-ir . «war . Mr-Mr 

»-/* CBS.     » • 

CBS.ff 
J 

114 

PCS. J    » , 

2*-3h  CBS.       * 
PCS.   s-    » 

 ana, uut * * 

JA-4fc.   G»S 
PCS.   <2  .  « 

_ CIS. I,/ _ 

4*-5"*k   CBS. 
PCS.    /     , 

 C»* 4.9 

Sh-tA     GIS.        i # 
PCS.   4 
 CBS. 2J. 

i*-7ii    CVS. % 
PCS.   J   • 

 CBS.20T    * 

II.   •   • 

« - 
4.1 • 

7 
111 

a • 

•    a 

45 

7A-S*     CBS. 
PCS. 

8A-«?>i    CBS. 
PCS. 

 CIS. 

1H-IOH   QMS. 
PCS.    I 
 CBS. *7 

lOfi-llh.    CBS. 
KS. 

 GJK_ 

im-llto.  CBS. 
PCS. 

 CJK_ 
HOSE-FRAUGHT. 

0' 
A4L±_ fliS_ 

SERIAL NO  14 
««-w    w-tr    v-nt     loa-w 

4    •   • 
If   • • 

4     r 
13    - 

4    *    '   $ 
/ 7   •    • 2 $ 

• •   • 
j i -17 • • 7 

J./        " iff •   • 47 

•   • 
3   •      |4 2    •   •    / 
£/        •   71   •«**./ 2 

47 [25 _».7_. •_[£ 

2 2.2 
*J     •   .77      *    $3      • 

744      • Jf J 24J      •    '<? 

2 2 /       «.      / 
(/.J   ••//.$•   »   SI 4 

jt      j /     - ! / 
fJJ   "   V4 /7 

I 

/ 
14 

I 
«?4 

/ 
IS 

2 
/77 

/ 
IS 

3      ~ 
32 i   -"'» 

SCAIE   r 



nio 
2.SQ   LB   BOMB  Et II  MQQJL 

. MPH MQ.^UAtS 

SAMPLE BEAM-8EW FR&MMIS, 

SERIAL HO IS 

*r-i4*     ir-v   w-wr   m-HK 

SttVAL  HO  II SERIAL HO   17 

0-» 

<*-/» 

61S. 
PC*. 

fo-,4-     wir   %r-ioz    lot-iot    w-<w    w-tr    ir-wr I0S-/W 

7   - •• 

MS. 

_fiIS_L2. 

3   ' (   -   • |   7 ' *     1 
42J— _r_|JL/„.r. • La.* • *   .< 

/A-2fr    US.       •" 
PCS.   4 •» 
 BI3.//.4 » 

PCS 

*j_"_."izi. 

I 
/.t 

JA-4*X   QMS 
PCS.   j 

JUULii....r_|xJ  .       U 

•i 
••   J 

• • • 
IO • 2 

it./ » * 

JUL 1.1A 

* •• 

! J • liss • * 

/ 

in 

a  • 4J.. 

_fililQJ Tj/Ai. ..^«*.*|».4.   * IB'S 
4*-5"A   G»S. • • t- 

PCS     j  •        , 
 C»S  /4.7      •   f 0 

5"fe-*fc     SIS        • - 

A    - 

4 I If • •       4       •    ,  J   • r 
J.S. 

»  m • 
i i 

*   •     .4 
•Aff 

! $ • 
I 

/o   • 

4 
2J_ 

•_? |LJ . • .40 • »J^ ? — p*f —-i 

i 
1M 

2 
JJ 

i 
J2t 

xs 

ilk - U • 2 
_JL4 •_JL0 o * •** •• 

I 
.2.f 

r   • 
#.3r 

l£Z_   _.. 

• •: 
4 J 

J/.1 *",U 
/ 

3.2 
%   "• • 

Ji./       "27J? 

* • 

•22A' 

PCS. 4   „  _ 

B«*«    *   14.7       ...jlflj. j. 
4  .. J       m     2 

J     JlSmmJ42    .T.1.3 

'25* 

J4< 
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